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EXl^ERDi:NCES V\Tni BATTJ.E WOUNDS OF THE HEAD 
Colonel R A ]Money A A ]\I C , and Lt Col T Y Nelson, A A ]\I C 

FROM A NEUROSURGICVL CHSTER AT AV AUSTRALIAN GENERA! IIOSPITAI IN THE MIDDLE EAST 

The surgery or battle c\su\liies is laigely concerned ^\lth the caie 
of infected T\ounds and compound fractures The geneial pnnciples applic- 
able to these injuries hold good foi all regions of the bod\. but wounds of 
the head present special piohleins owing to ceitain anatomic and physiologic 
peculiarities of the structures invoh ed in the scalp skull meninges and brain 
In the case of the scalp and skull their hbeial blood supply gives them 
increased resistance against vmilent mlections especially those due to 
anaerobes and massue neciosis and gangrene aie extiemeh raie On the 
other hand their mtiicate iMiiphatic and Aenous connections thiough the 
osseous diploe, and from the brain and meninges make the peisistence of 
apparently minor and latent sepsis m the scalp a menace likely to result 
m unsuspected and deeper infections at some later date 

The arrangement of the outer and inner tables m the bones of the 
cranial vault allows even a small missile to cause much more damage to the 
inner table than the outer, or than would be suspected fiom a superficial 
examination of the wound In this connection, it is most important to 
realize the terrific kinetic energy mv-) of a missile of small mass (m) 
owing to its high Telocity (t ) at the moment of impact 

The protective barrier-hke function of the dura mater is well knowm 
and every effort must be made to conserv^e it Indeed, the wdiole prognosis 
of head wounds depends on whether or not it has been penetiated eithei 
b\ the missile itself or b} pieces of indnven bone or hat Somewdiat un- 
expectedly, and contrary to the experience of the Great Wai of 1914—1918, 
It has been found in this series of cases that pieces of metal from bombs, 
shells, etc , are, in themselves, relatively innocuous inside the skull, due to 
the fact that the earth and sand of the desert have not been manured and 
contain comparatively few virulent organisms, and the missiles are almost 
red-hot when the}’- enter In fact. Major P B Ascroft, R M C , of 
another Neurosurgical Unit in the Middle East, relates how^ an officer patient 
severely burned his thumb and index finger trying to pull out a small piece 
of bomb sphntei after it had penetrated his steel helmet and just stuck 
in his frontal bone, without causing an} loss of consciousness ' On the 
other hand, organic foreign fiodies such as pieces of indnven bone felt 
and sponge rubbei from hats and steel helmets seem to form a nidus 
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for bacteria and are always a potential source of dangei until removed 
Failure to recognize their presence, especially after comparatively minor 
injuries, has occurred during the rush of casualties, and almost invariably 
serious and even fatal consequences have resulted, as will be shown later 
Thus, the practice of always removing organic foreign bodies has been 
adopted Inorganic foieign bodies alone have been left in situ if not readily 
accessible and provided the presence of abscess or other space-consuming 
lesion has been excluded by an examination of the cerebrospinal fluid, and 
liy encephalography It is as yet too early to tell whether then retention 
will be more conducive to posttraumatic epilepsj' than the gliosis and scar 
which must remain, even after their removal 

Finally, the management of vounds of the head is not a mere exercise in 
opeiative technic, even granted that adequate facilities are available A 
careful neurologic examination, to determine the extent of the underlying 
damage to the brain (if any) must be made as early as possible, if useless 
and unnecessary operations are to be avoided, and if true significance is to 
be attached to any alteration m clinical signs which may be observed later 
It must ahvays be borne m mind that the damage done to the brain at the 
time of injury is ii reparable, except by Nature’s methods, and that opera- 
tions should only be undertaken for the prevention of sepsis and the relief 
of compression by depressed bone, 'hemorrhage, or abscess The clinical 
condition of the patient, varying from time to time, may be the only guide 
as to w'hether to open the dura mater or not, a most important decision to 
arrive at, in view of its protective function already mentioned The method 
of recording these early and subsequent essential observations is shown m 
Figures i and 2 (Head Injury Card) Remember that evidence of local or 
focal cerebral damage, as manifested by aphasia, monoplegia, hemiplegia, 
visual field defects and other neurologic syndromes, is not, in itself, an indica- 
tion for operation m the early stages after w'ounding Such signs are common, 
especially after tangential nonpenetrating wounds, wdiich may not even 
injure the skull Increasing depth of unconsciousness is the cardinal sign 
of compression calling for urgent operative measures, and in the absence ot 
this sign and foreign bodies (mainly bone fragments), intracranial surgical 
procedures should be deferred 

CLASSIFICATION AND TERjnNOLOGT 

A total number of 78 cases of all types were treated at this Center be- 
tween July and December, 1942, during the fighting in the vicinity of 
El Alamem In 25 of these cases there had been penetration of the dura 
mater A review of this material indicated that open wmunds of the head 
could be classified into the follownng six groups (modified from Cushing s 
nomenclature) 

1 Scalp w'ounds 

2 Wounds of the skull, without depression of fragments 

3 Wounds of the skull, wuth depression of fragments but without 
penetration of the dura 
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Wounds having only a site of entn foi the foreign Iiod} \Ahich was 
retained were called "penetrating ” 

Wounds having both sites of entry and exit were called “perforating 

Many patients had received more than one wound of the head, and often 
of different types, and others had received m addition, wounds of other 
legions, of greatei oi lessei severitv The piesence of “multiple’’ wounds 
and then complications must al^\a^s be boine m mind when interpreting 
a patient’s clinical condition in its true pcrspectne 

TIME AND PLACE EOll TKEATIMENT 

If a soldier with a wound of the head is unable to survuve the first 12 
hours. It IS unlikely that he will live irrespective of what is done for him 
thus, except m the case of meningeal hemorrhage or rapidly spreading subdural 
hematoma or severe arterial hemorrhage from the scalp, urgent surgical 
interference is rarely necessary Adequate facilities and essential instru- 
ments, especially an electrosurgical unit and some form of suction appa- 
ratus, as well as a portable roentgenologic unit are necessary for dealing 
correctly with wounds of the head, especially those which involve the 
dura mater or deepei structuies Even if the medical officer dealing 
with them is not a fully trained neurosurgeon, he should at least be familiai 
with the technics employed m the care of damaged biain and m the control 
of intracranial bleeding, by the use of bulb syringes and warm saline, 
suction, silver clips, electrosurgery and muscle “stamps ” He should also 
have a skilled assistant and anesthetist These postulates have rarely been 
found at field ambulance dressing stations, even wuth attached field surgical 
units, or at casualty clearing stations undei existing conditions, and with 
the number of medical personnel available up to tbe present 

Furthermore, apart from scalp and superficial skull toilet, hasty and 
often incomplete operations are best avoided, especially when the patient cannot 
be “held’’ for some days after the operation, for it has been proved frequentlv 
that although patients with severe head w'ounds stand transportation w'ell 
before operation, they travel badly afteiwaids Finally, it bas been shown 
lepeatedly that the time factor is not as impnitant in dealing wnth head 
wounds as with wDunds in other regions w'heie the ideal tune limit is set at 
12 hours, or even less for abdominal wounds Tins longer period of safet} 
for head wounds had been fixed at 48 hours for civilian casualties during 
bombing raids on Great Britain m 1940-41, but in WDunds from the Western 
Desert, for reasons ahead}’- stated, successful excision, toilet, and closure 
with a short period of drainage has been accomplished, .frequently as late 
as 72 hours after w’ounding and in the following case, a period of ten days 
elapsed before adequate surgical attention was given 

Case I — Pvt R S G , age 22, was wounded in the head on October 26, 1942 
when a land-mine exploded near him He did not lose consciousness but complained 
of some transient numbness of the left hand He received extensive laceiated wounds 
of the scalp, in the right parietal region, wuth a hanging flap exposing much bone 
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There were also iiiinietous othei sniallei scalp wounds nearby, posteriorly and towaids 
the \ertc\ At a mam diessmg station, sulplianilarmdc powder and ^aselmed gauze 
were applied and he was IiastiK c\acuatcd to an Australian general hospital about {)0 
miles m the real, where he aimed carlj on October 27 Owing to the rush of 
casualties here, no opciation was pcifoimed although locntgenogiams taken that 
da\ showed a metal fiagnicnt of model ate size embedded in the skull just to the light 
of the ^ertex, with a small depicssed fiagment of bone mdrneii ahead of it Theie 
were also se\cial smallei extiacianial fiagments fuithei posteriorly and laterally 
(Fig 3) The wounds were dicsscd on se\eral occasions, sulphonamides were con- 
tinued b\ mouth and he was ciacuated bj ambulance tram to this Center, w'here he 
armed late m the e\cnmg of No\cmbei 3, 1942 
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Fig 3 — Case i Anteroposterior mcw, sliouing the irregularly shaped metallic 
foreign bodj m the skull, near \trte\, and to the right of the nudline 

On examination, the patient looked ill Theic was a foul smelling discharge 
from the extensive scalp w’ound A portion of the loose scalp flap w'as necrotic, and 
much debris, diit and ban could still be seen under its edges The large foreign body 
w^as felt in a separate and smaller Avound about three centimeters away It was not 
so septic, and neither w'ere the lemaining small scalp wmunds At operation next 
daj, under anesthesia wnth pentothal sodium given intravenously, the largest foreign 
bodj^ and small piece of indnven bone w'ere removed wnth difficulty The dura mater 
W'as intact and, after excision of the edges, this wmund was sutured, without drainage 
In a similar manner, the other small wounds w^ere excised and closed The large 
dirty wound was thoioughly w'ashed out, all debris carefully removed, necrotic areas 
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of scalp excised down to the pei icranium, and careful hemostasis secuied The fresh 
edges of the wound could only be partly approximated with silkworm gut sutures, 
leaving exposed an area of pericranium, about 3 x 2 cm Complete closure was im- 
possible owing to loss of scalp tissue, and, relieving incisions m the scalp being 
abhoired, a dressing of sulphamlamide powder and vasehned gauze was applied 
This dressing was not disturbed for six days, and when removed, despite the onset 
of infective hepatitis on November S, which had necessitated the suspension of 
sulphapyndine therapv bv mouth, the closed wounds had healed and the raw area 
was coveied with clean granulations Secondary suture of this area was successfully 
accomplished by an undermining plastic procedure about three weeks later, when the 
jaundice had cleared up He was discharged, with all wounds healed, to a convalescent 
depot on December 12, 1942, five weeks after arrival at this Center 

From the foregoing desiderata and statistics supplied personally by Majoi 
P B Ascroft, R A M C , it has been shown in the treatment of head 
wounds that the best results were obtained b}' transporting all patients with 
other than minoi head wounds back to some Special Center, (equipped 
and prepaied to deal with and hold this class of case) preferably by aero- 
plane, as was done almost exclusively after the break-through by the Eighth 
British Army at El Alamein and by tbe Germans in their campaigns, even 
if it involved a delay of 72 hours, or moie, until suigical measuies were 
instituted Having special Neurologic Centers in the forward areas was 
tried during the earlier desert campaigns, but was not found to be of 
much practical use at that time, ow'ing to the difficulty of collecting and 
segregating head cases 111 forw'aid aieas and the lack of “holding” facilities 

THE OBJECTS OP TREATAIENT 

The objects to be aimed at m the tieatment of head wounds aie 

(1) To restore the injured structures as nearly as possible to normal, 
by the removal of destroyed tissues and of foreign bodies as soon as possible 

(2) To prevent complications wdiich may lead to disability, deformity or 
death, by -converting open w^ounds into closed, clean ones, wdien feasible 

(3) To return the soldier to his unit, in the shortest possible time, with- 
out the necessity of down-giading 

The complete attainment of these ideals is rarely piacticable wuth battle 
casualties even at Special Centeis, as will be realized fiom a consideiation 
of the difficulties met with in this series 

GENERAL PROCEDURES AT SPECIAL CENTERS 

Owing to its situation at the Base, and the long time taken for evacua- 
tion by ambulance trains and sometimes also by hospital ships, most of 
the patients m this senes did not reach this Center until infection was already 
active, or else their wounds weie healing However, as a result of experi- 
ence gamed in the management of these wounds, mainly in their late stages, 
and from observations made at other Neurosurgical Centeis, wffiere the injuries 
were dealt with in a more recent state, a plan of treatment was evolved 
which proved effective for the conditions found in Middle East A short 
description of the procedures advocated will now be given, follow^ed by case 
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reports, selected to illustiate some of the complications and difficulties 
encountered. 

As soon as the patient has been fed and lested after his journey, the 
hair IS clipped shoit with fine cutting clippeis all over the scalp, if not 
already done This was found to be a most necessary step m order to 
remove all dirt and old blood, and to enable a careful inspection of the 
head to be made Frequent!} the hair had only been hastily cut from the 
vicinity of the mam wound and other smallei wounds had not been 
recognized 

Dressings aie then inspected and the plan of treatment decided upon 
Here, as at all subsequent dressings and inspections, eveiy person piesent 
must w ear an adequate surgical mask, cor ei mg the nose as w ell as the mouth 
The “no-touch” (except with diessing foiceps) technic of doing dressings 
must be adopted from the start, in order to reduce ci oss-infections to a 
minimum As a guide foi the future, if the wound is already infected and 
discharging, a swabbing is taken and an immediate smear and culture is 
made, to determine the predominating oiganisms (if any) Wheie sulphona- 
mides had already been gnen in adequate dosage, cultuies w^ere fiequently 
sterile Complete and differential blood counts are also advisable to exclude 
anemia and postsulphonamide leukopenia If satisfactory loentgenograms 
do not arrive with the patient, he is then sent to the Department of Radiolog} , 
with a request for anteropostei lor, lateral and, occasionally, tangential ex- 
posures Where indnven bone fragments and retained foreign bodies are 
suspected or found, stereoscopic view’s, taken with a Pottei -Bucky diaphragm 
or Lysholm grid, are extremely helpful befoie attempting their removal 
The importance of radiologic examinations of all battle wounds of the head, 
however slight, and even if consciousness has not been lost, has already been 
mentioned, and the mistakes which will otheiwise be made, wall be leferred 
to again later 

If operation is decided upon, the whole head is then closely and care- 
fully shaved by a skilled orderly w ith a slm p razor (both difficult to obtain 
and retain in the Armyf) This is a very important step m eliminating in- 
fections and in enabling the postoperative and subsequent dressings to be 
adequately retained in place wuth a minimum of adhesive plaster The 
scalp IS painted with a 2% aqueous solution of iodine, after sciubbmg with 
ethereal soap If infection has not already developed in the scalp beyond 
the edges of the w^ound, local anesthesia, by the method of legional block, 
can be used with 1% ethocame and adienalm 1,200,000, m physiologic 
saline solution, after pi emedication wuth alopon (omnopon) gi ^ and 
scopolamine gr %5o, given hypodeimically an hour and a half beforehand 
The alopon can be repeated half an hour before opeiation if necessaiy. In 
the presence of established infection m scalp 01 bone, 01 wath a noncoopei ative 
nervous patient, geneial anesthesia is prefeiable by the administration of 
pentothal sodium intiavenously, in 5% solution foi induction and m weaker 
solution in saline or glucose-saline foi maintenance Fluids or blood should 
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be given mtravenoubly duiing operation if the patient is dehydrated oi 
anemic In cases alread}'^ infected and where streptococci, pneumococci, 
Fnedlander’s bacilli or anerobes predominate, an initial dose of four grams 
of sulphadiazine is given by mouth, or, if the patient is unable to swallow 
or has meningitis, three Gm is given intravenously in a 30% solution If 
the predominating organism is a staph3dococcus, it is felt that a similar dose 
of sulphathiazole has more effect and less risk of producing complications 
Duimg the whole of the period undei review, sulphadiazine was not ahvays 
obtainable and then sulphap) ridine had to be used, but the former drug 
w^as found to possess man}'' advantages over the latter, due to its much lower 
toxicity and the greater concentration obtainable in the cerebrospinal fluid 

AVOUNDS OF THE SCALP AND SKULL, AVITHOUT DEPRESSION (GROUPS 1 AND 2 ) 

In these groups some of the most serious and piolonged cases of 
moibidity \Aeie encountered, chief!} because, at the time of AAOunding, con- 
sciousness AAas not lost, and they Aveie ei'acuated from the regimental aid 
post as “Avalking AA'ounded, not seiious,” AAith just a first field dressing 
hastily applied At the forwaid dressing stations and field surgical units, 
even frequently at casualty clearing stations in rush periods, there AA'as no 
time to attend to them w'hen more seiious cases Avere Avaiting, and upon 
leaching a geneial hospital, as the \AOund was by noAv probably more than 
36 houis old, propel excision and toilet weie not carried out, under the 
mistaken idea that too much time had elapsed In other instances, these 
Avounds Avere received along A\ith multiple AAOunds of a more serious nature 
and w'eie given but scanty consideration until the appearance of sepsis 
called for moie active measuies 

Furthermore, it AAas often found necessaiy to “empty-out” general hos- 
pitals, close to the battle zone, in expectation of more casualties and naturally, 
these cases AAeie amongst the fiist to be transferied to other hospitals furthei 
back or even to coiiA’^alescent depots “foi dressings ” Rarely had any roent- 
genologic examination been cairied out, until some complication had occurred 
and only then AAas some osseous lesion Avith or AAithoiit osteomylitis detected 
Taao instinctive cases of this group aie piesented 

Case 2 — PA't F G, age 26, aaqs Avounded, Juh 16, 1942, in the left parietal 
legion Avhen a bomb exploded He iicAer lost consciousness The Avound A\'as dressed 
at an adA anted diessing station foin hours latei, and he aaas passed on to a general 
hospital, AAheie the dressing AA’as changed but the AA'ound Avas not excised 01 explored 
although roentgenologic examination, July 18, shoAAed that a piece of bone had been 
lemoved trom the outer table of the skull in the left parietal region near the midline 
Seteral foreign bodies Avere seen in the vicinity but no fracture through the inner 
table Avas detected 

On July 28, the Avound lA'as reported “clean and healing” and he AAas eiacuated 
to tins Center on Julj 30 The AAOund AAas then healing bi' granulation and, Avitb 
the assistance of eusol dressings, it had healed b3 August 8, and be AAas able to rejoin 
his training unit on August 20 1942 

Soon afterAvards the AAOund began to discharge He AAas treated bj his regi- 
mental medical officer until Septembci 27 aaIicii he AAas referred to this Center coni- 
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plammg of se\cic leit-sidcd headache A dtsdiargtng wound w'as present in the lelt 
parietal area, near the certcK Two days later the sunounding scalp became indurated 
and edematous like a “Pott’s piiff\ tumor” There w'cre some swollen and tendc. 
hmphatic nodes m the left posterior triangle of the neck Temperature 102° F 
Without waiting for roentgenologic examination, he w^as operated upon, and a crucial 
incision was made to include the unhealed wound The peiicranium was raised up 
by pus from the imdeihing bare bone Two bur holes w'crc made in this bare area 
but no eMdence of infection was found in the diploe or extraduraily No foreign 
bodies were encountered After insufflation of sulphamlamide powder the w'ound w'as 
packed widel\ open with caselincd gauze, and sulphapyi idine was adnnmsteied b> 
mouth in full dosage 

Although no further serious sjmptoms or complications occurred, healing by 
second intention took place \ci\ slowl\ and secondary suture never became prac- 
ticable A fuither roentgenologic examination made No\embei 3 show'ed a trans- 
radient area, close to the left parietal eminence, involving both tables of the bone, 
but not showing am evidence of actnc periostitis or osteomyelitis One small foreign 
bodi was still present outside the skull 

He was last seen on December 14, w'hen the w'ound had only just healed, but the 
scar was depiessed, tender and adheient to the bone, and he was referred to a comalescent 
depot, for plastic operation latci, if no fuither discharge occuired from the w'ound 
during the next two months 

Case 3 — Corp K if. age 37. was hit on the back of the head by a piece of 
falling rock from an explosion on April 17, 1942 He was only unconscious for a 
tew minutes and was tieated for a lacerated wound of the scalp “dow’n to the bone" 
in the left occipital area at a field ambulance He was later transferred to an 
Australian casualtj clearing station whcic, infection occurring in the w'ound, a 
1 oentgenologic examination of the skull was made, but no osseous lesion detected 

A few dats later, he complained of cci\ severe headache and facial neuralgia on 
the left side He armed at this hospital on A.pril 27 w’lth a dirtj infected w'ound 
in the left occipital area discharging freeh The surrounding scalp w'as tender and 
swollen but there was no “puffA tumor” 

Hot fomentations were applied fiequentlv, but although the w'ound seemed to get 
clcanei the headache and neuralgia became woisc, with se^ere exaceibations, and 
the ocular fundi showed earh papilledema On May 8. a fuither roentgenologic exam- 
ination showed an area of osteomjclitis neai the lambdoid suture, wntli the presence 
of sequestra at the site of an old fracture Operation was proceeded wnth at once 
The scalp wound was excised and an area of neciotic bone with sequestra removed 
\n extradural abscess w'lth thick pus was curetted off the underlying dura The 
wound was sprayed with sulphamlamide pow’dei packed open wnth easel med gauze 
and sulphamlamide administered b\ mouth in full dosage Healing proceeded ceiy 
slowh and on Julj 7, it became net cssary to remove furthei sequestra from the 
itppei edge of the gap in the bone This produced more headache and a seveic 
icaction in the sunounding scalp Sulphadiazine had just been leceived and w'as 
now' given in full dosage wuth such good effect that the wound had healed by August 28, 
when he was returned to his unit symptom-free 

Many other cases were encountered wdieie minoi sepsis occuned in 
scalp wounds and delayed the patient’s return to his unit for much longer 
than w’ould have been necessaiy if healing had taken place piompth An 
attempt should always be made, with these groups of wounds, to secure 
primal} healing by a complete, yet not too extensive, excision of the wound 
and thorough mechanical cleansing of the damaged area After spraying 
with sulphamlamide pow'der, the galea and skin should then be closed 
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separately by a double low of silk oi linen thiead sutures, aiound a small 
piece 01 pieces of coiiugated rubber, for drainage If the galea cannot be 
defined leadily foi suturing, one row of vertical mattiess sutures may be 
employed instead 

If the edges of wound can not be drawn together wuthout tension, even 
after triradiate extensions and undermining have been earned out, they should 
only be drawm together wdiere possible, and the rest of the wound left open 
and packed with vaselmed gauze, for plastic opeiation and secondary suture 
latei This procedure gives better results than attempting to obtain primary 
closure by making lateral relieving incisions and “sliding” the intermediate 
portions of the scalp acioss the defect 

Once sepsis had started, or if the wound broke down, then frequent 
applications of waim moist pads soaked in normal saline oi eusol, until 
complete healing had occuried, w^ere found most satisfactory Any other 
methods, especially those wdiicli allow'ed a scab to form, under wdiich pus 
could deceptively collect, only piolonged healing Keeping the hairs close 
shaved right up to the edge of the wound was most essential 

The possibility of focal damage, often serious and permanent, being in- 
flicted on tbe brain m these wmunds, must ahvays be borne m mmd, especially 
w^here the impact has fallen tangentially Such damage is usually the result 
of contusion and/or laceration of the brain, and does not call foi exploration, 
unless signs of compression oi massive hemorihage are piesent too The 
following case, in contrast with Cases 2 and 3, illustrates how' lapidly scalp 
healing can occui, if correct, early treatment be given, and also what serious 
cerebral damage may underly a superficial wmund 

Case 4 — Pvt R S, age 22, \vas wounded in the occipital region on July ii, 1942, 
by a splinter from a shell while wearing his steel helmet and sitting in a slit-trench 
After a short period of unconsciousness, he remembered being carried arvay m an 
ambulance At the regimental aid post, he was conscious, his wound w'as dressed, 
and he was evacuated direct to a general hospital, where he ariived 12 hours later 
Here, a badly lacerated wound of the occipital region was excised, dusted with sulpha- 
nilamide powder, and sutured aiound a glove dram No injury to the skull was 
detected at the time, nor at a 1 oeiitgenologic examination made some days latei 

On July 19, although the wound appeared to be healing satisfactorily, he became 
drowsy and restless alternateh Spinal puncture was performed and blood-stained 
xanthochromic cerebrospinal fluid, probably from a cerebral laceration, ran out at an 
initial pressure of 240 mm The next dav he was less diowsy and complained of 
deafness and defective vision Examination of his fields of vision then levealed a 
right-sided hemianopia On August 14, he was transferred to this Center The 
wound m the scalp had healed completely but he still complained of visual difficulties 
although his hearing w'as normal Careful estimation of his fields of vision on the 
Bjerrum screen now showed bilateral lowei nasal and temporal quadrantic defects, le, 
he had a false horizon just below macular vision in each eve, (Fig 4 a and b) 
Further investigations did not reveal the existence of anv pressure effects from anj 
space-consuming lesions and the cerebi ospinal fluid was now' clear He w'as sent to 
a convalescent depot but when reexamined, October 15, the defects in the fields 
of V'lsion w'cre unaltered and dowm-gradiiig became necessarj 
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AVOUNDS OF THE SKULL WITH DEPRESSION BUT AVITHOUT PENETRATION OF 

THE DURA (group 3) 

This gioup of AAOuncls did not, as a lule, present any special problems 
Included in it AAeie cases of compound fissured fractures In most instances 
theie Avas moie eKtensiA''e immWement of the inner table than the outei 
table of the aftected bone The extent of these \a ounds a\ as generally recog- 
ni/ed at the fiist examination, consciousness had usuall} been lost foi 
Aaiying peiiods of time, and, being classified as seA^eie, moie attention A\as 
paid to them in the foivAaid areas 

Caieful surgical toilet and tieatment, as early as possible, aic necessaiy, 
liOAveA^ei, if good lesults are to be obtained Fissuied fractures aie raie 
but need thoiough inspection foi small letained foreign bodies bans and 
dirt betvAeen their edges and undei the scalp As in cases of Group 2, they 
may liaA^e aieas of local hi am damage deep to them, AAUth focal neurologic 
signs They do not A\ariant extensiA'e cianiotomy but it is often advisable 
to make a bui hole m the line of the fissuie to exclude extia- and subdural 
hemoiihage 

All loose and comminuted depiessed fragments should be lemoved, and 
in most cases diit, ban and debus are found to be associated with them 
Special caie is necessaiy in the lemoAal of depressed fiagments of bone 
near the midhne, wheie the longitudinal sinus might be iiiAmlved, and muscle 
“stamps should always be piepaied in leadiness foi the control of sinus 
bleeding duiing then removal But it is remarkable hoAv deeply fragments 
can be depiessed, AAithout penetiating tbe dura Failure to recogmre and 
adequately tieat these cases was followed howevei, by long periods of dis- 
ablement and seiious complications, as can be seen fiom the following 
case histones 

Case 5 — Lance Coip G R I age 22, of the Rojal Tank Rcgt recewed nniltipk 
“S W ’s” of the head wdien a shell exploded as he opened the fiont of his tank on 
Tilly 17, 194-2 I OSS of consciousness was of shoit duration His wounds were dressed 
shortly aftei wards at an Australian field ambulance The follownng day he ai rived at 
a general hospital w'heie he was “held” foi a week wuthout any surgical treatment 
of his W'ounds On July 2"5 he w'ds transferred to anothei general hospital in the 
Canal Zone, and aftei ir dais theie, leached a third geneial hospital in Palestine 
on August 4, 1942 He then eoniplained of some headache on the left side, but his 
general condition W'as good His wounds had healed except foi one deep punctured 
wound in the left frontal legion in the flooi of which pus could be seen pulsating On 
August 8, his skull was examined loentgenologieally for the first time w'hieh demon- 
stiated a comminuted fiactuie, wuth inward displacement of fragments of the iniici 
table and a mottled appearance of the surrounding bone suggesting osteomyelitis 
Numerous small metallic foreign bodies were seen some situated intracramally There 
was also a small depressed fracture near the right parieto-occipital suture, bat the 
w'ound m this region had healed 

On August 17, he was transfeired to this Centei Two discharging sinuses w'ere 
seen in the left frontal region and the depressed area of bone could be felt The 
surrounding scalp was not edematous and its appearance did not indicate osteomyelitis 
No abnormal neurologic signs W'ere detected, although the patient complained of 
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oLca^ional hcddadics and “giddj Unns'* Warm sahne packs wese applied to the dis- 
charging sinuses at frequent iiitenals until healing occuired, and on September 2, 
under local infiltration anesthesia, the depressed fragments of bone were elevated 
and remoied The sui rounding bone was softened and vascular, from old osteomyelitis, 
but the dura mater was intact. The wound was left open and packed wnth vasehned 
gauze,, and allow’cd to heal b\ gianulation This look about foui weeks, and he wms 
then transferred to a comalescent depot He w'as reexamined on November 25, 1942 
F.xcept for complaints of occasional slight headaches and “dizzy turns," he w'as ficc 
ot simptoms A small superficial metallic foicign body w-as lemoved fiom the scalp, 
the depressed scai was excised and the scalp leconstitutcd ovei this area by a plastic 
opeiation The depressed fractmc m the light parieto-occipital aiea w^as not causing 
ail) trouble and was left alone Primarc healing occurred aflei these operations and 
the soldier retuined to his training unit on Decembci ii, 1942 

The pailous and prolonged con\ alescence of the next patient showed the 
importance of removing fragments of bone as well as metallic foieign bodies 
if serious complications aie to be avoided 

Case 6 — Pvt A P, age 21, received an “S W" just above the nasion on Sep- 
tember I, 1942 He was unconscious fot about eight hocus, and thereaftei mentally 
dull He was evacuated late the same dav fiom the mam diessmg station, with a 
large foreign body retained, and a note “no time for excision of wound" made on his 
field medical card He reached an Austiahan general hospital on September 3, 
where the wound was dicssed Next morning, a roentgenologic examination showed 
a large foreign bodv embedded in the frontal bone, with some sphnteied bone frag- 
ments indnven bv it for about two centimeters On Septembei 5, the foreign body 
onlv was removed, under local anesthesia Improvement 111 his mental condition 
followed and he was evacuated to this Center, where he only arriv'ed on September 10 

Bv that time, he was complaining of headache and had marked photophobia The 
wound was discharging pus freely and some debris could be expressed Both fundi 
showed earl}'- papilledema, but there w'as no neck rigidity or pyrexia Sulpha- 
pvrfdine was given in full dosage and, on September 17, the wound was reopened and 
the depressed fragments of Done were removed The dura mater appeared to be intact 
and there was no sign of extra- or intradural suppuration The wound was packed 
with sulphanilamide powder and vasehned gauze, and allowed to heal by granulation 

About October 7, the patient complained of frontal headache and had some evening 
pvrexia A few days later, relief followed discharge of pus fiom the wound but 
advanced papilledema, with recent hemorrhage, was observed m both fundi Spinal 
puncture yielded slightly turbid cerebrospinal fluid, at a pressure of 230 mm , con- 
taining 320 cells per cu mm , mainly lymphocytes The protein content was 90 mg % 
A further course of sulphapyridine was commenced and some remission of symptoms 
and pyrexia followed By October 25, although the wound had healed, the papilledema 
had increased, and a subdural or brain abscess was suspected Small volume encephal- 
ography was performed by spinal puncture, with oxygen, but unfortunately no gas 
could be made to enter the ventricular system Patent subarachnoid pathways were 
seen, however, over both frontal lobes The cei ebrospinal fluid then had 220 cells 
per cu mm , mainly lymphocytes The pressure was 140 mm and the protein content 
was so mg% On November 20, the patient’s condition had improved greatly, head- 
aches were easier and the papilledema was subsiding He was, thus, regarded as 
having had a condition similar to the so called “otitic 01 toxic hydrocephalus ” 

About three weeks latei, a pilsating and inflamed swelling appealed at the site 
of the wound, and headaches, with pyrexia, recurred Spinal puncture now yielded 
cerebrospinal fluid at a pressure of 430 mm, containing rro cells pei cu mm mainly 
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neutiophils The piotun content was 65 mg % On Decembu 12, operation was 
again performed under local anesthesia The scar was excised and a thick pulsating 
dura exposed and opened by endothermy A brain needle was inserted into the 
left cerebrum and, at a depth of two centimeters, entered an abscess cavity through 
a very thick capsule About ten cubic centimeters of thick yellow pus were evacuated, 
the needle was withdrawn, and the wound closed, after spraying with sulphathiazole On 
culture, a pure growth of Staphylococcus auieus was obtained, and administration of 
sulphathiazole in full dosage was started b3’’ mouth The wound healed primarily, 
and, on December 20, spinal punctuie j’lclded clear cerebrospinal fluid, at a pressure 
of 220 mm, with a cell count of 75 neutiophils per cu mm, and a protein content 
of 40 mg % Fui ther aspiration of the abscess did not reveal anj^ pus 

Early m January, 1943, however, headache and papilledema reappeared Encephal- 
ography was repeated, but again no gas entered the ventricles and the cortical pathways 
were patent The cerebrospinal fluid now only had 35 lymphocytes per cu mm , 
although the pressure was still over 200 mm On January 5, a brain needle with 
a silver cannula over it, was again inserted into the left cerebrum and through it, 
about IS cc of pus spurted out of an abscess cavity at a depth of about two centimeters 
This was followed by blood-stained fluid The cannula was left tn situ and the needle 
lemoved Once again, a Staphylococcus auieus was grown from the pus Onh 
a little blood-stained fluid drained subsequently from the cannula, and it was removed 
on the third postoperative day 

Thereafter, the soldier’s condition improved greatly and his symptoms completel} 
disappeared, although the papilledema was loath to subside A final attempt to locate 
more pus was made on January 16, but, although tlie abscess capsule was felt and 
penetrated, none could be aspirated By January 20, the optic fundi had subsided 
considerably but were not yet normal The pressure of the cerebrospinal fluid at spinal 
puncture was still nearly 300 mm , though the fluid was crystal clear As this Center 
had to close down, the patient was transferred to another Neurosurgical Unit in the 
Middle East News of his future progress will be awaited with interest 

Fortunately, all wounds of this group do not cause such vicissitudes, 
as can be seen from the next case, which also demonstrated how the brain 
could escape damage despite considerable damage to the skull 

Case 7 — Pvt H T, age 26, recened multiple “S W’s” in the right side of 
his head on October 25, 1942, without any period of unconsciousness He was 
wearing his steel helmet at the time After the application of a dressing, he was 
hurried back to an Australian general hospital On October 28, a roentgenologic 
examination of the skull showed a comminuted, depressed fracture m the right 
parietal bone and two small foreign bodies stuck in the skull more posteriorly Little 
was done at the time beyond changes of dressing as no abnormal neurologic symptoms 
or signs were present, and there was a big rush of more serious casualties He was 
evacuated some days later, and arrived at this Center on November 3, with his multiple 
wounds mildly infected and discharging After shaving and thoroughly cleaning the 
scalp, and the frequent application of hot saline fomentations for two weeks, the 
wounds had healed Operation was performed on November 17, when the edges 
of the scar were excised, the depressed fragments of bone removed, and the wound 
closed with drainage, after spraying with sulphanilamide powder The foreign bodies 
were not causing any symptoms and were not removed Healing took place rapidly, 
so that the patient was discharged to a convalescent depot on November 2=5, and 
returned to his unit on December 14 1942 
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Depiessed fiactuies in the tempoial fossa diffei fioin depiessed frac- 
tuies of hones of the ciainal vault, and ma)’’ not need singical interference, 
unless theie is cMdence of middle meningeal oi subdural hemoiihage asso- 
ciated with them Appaiently, the tempoial muscle aftoids this aiea some 
piotection and inci eased blood supph, which helps the fiagments to oveicome 
any infection introduced at the time of wounding The following case 
illusliates these points 

Case 8 — P\t H P aqc 37 was wounded on Septembei i, 1942, in the iighl 
temporal legion b\ a laige piece of shell wdiich caused a long laceiated wound in 
the scalp and temporal muscle The original notes w^ere lost, but on arrival at an 
Australian general hospital on September 3, he w-as conscious, though drowsy and 



Fig s — C ase S Anteroposterior ^ ew, showing a large depressed fragment of the 
right temporal bone, but no evidence of osteomjeUtis 

slow in answ^ering questions At times, he was confused and incoherent There was 
a slight w^eakness in the left side of his face, but otherwise no abnormal neurologic 
findings The edges of the w^ound had been excised but not sutured Roentgenologic 
examination of his skull was earned out and the report was as follows “A stellate 
fracture m the right temporal bone, extending into the middle fossa and upwards 
irtto the parietal bone , no displacement of fragments visible ” B}’' September 7, his 

mental condition had improved and the facial weakness had lessened On arrival at 
this Center three days later, the wmund w’as discharging freely As underlying osteo- 
myelitis was suspected, a further roentgenologic examination w^as made, wdiich show'ed 
that a large fragment of the right squamous temporal bone w^as depressed (Fig 5), 
but there was no sign of osteomj’-elitis A few days later, a piece of latex rubber 
from the inside of his steel helmet came awav, and thereafter healing proceeded 
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noiniallj Ivjo cmcIliill i)f tLiJii il damage itmaincd and spinal puneturc jidded 
dear cerebrospinal fluid under noimal picssure, so that further surgical interferenee 
was not considered necessarj^ 

PENETRATING AND PERFORATING "W OUNDS OF THE SKULL (GROUPS 4 , 5 AND 6 ) 

These wounds are by far the most difficult to deal \\ ith and present many 
pioblems, largely due to the entn of bacteria through the protecting barrier 
of the dura matei Any foim of hasty oi incomplete operation will onh 
do moie haim than good, and they above all others, aie best left alone 
until propel facilities foi collect neiirosuigical technic, controlled siilpha- 
nilamide theiapy, and postopei alive musing aie available, even if some 
delay results The following methods of dealing with w'ounds of these 
groups w'ere thus evolved 

Under anesthesia by local infiltration oi pentothal sodium, a careful 
inspection of the wound or wounds, is made in the operating room, wuth the 
roentgenograms on a view mg box nearb) After a thorough skin preparation 
and excision of the edges of the wound, the extradural depressed fragments 
of bone aie removed and the opening in the dura mater defined fully To 
do this, it may be necessary to remove some undamaged bone -\.t the same 
time, hemorrhage from the dura is conti oiled 

Supeificial debus, blood clot and destioied biain aie then genth w’ashed 
away, by lavage and suction, fiom the track of the missile, usiiallv ^^lth relief 
of intracranial tension and the return of pulsations in the aiea exposed 
The number of mdrnen bone fragments has previously been counted and 
b)'’ careful exploration of the track of the missile and, wuth the help of the 
roentgenogiams, they are then lemoied It was surprising at times how 
deeply the)!- had been driven in by even a small missile The removal of all 
fragments is regarded as essential, and for this, a good headlight wuth adjust- 
able focus, good suction, good retractois (oi a Killam nasal speculum) and 
good assistance must be available Frequently dirt, hair and othei debris 
are found to have been taken in wutli them On the other hand, it is con- 
sidered only advisable to “go for” accessible metallic foreign bodies, as 
no abscesses or serious complications were encountered with retained metallic 
foreign bodies alone With gentle technic very little bleeding need be caused 
by these piocedures, and that can readily be controlled by endothermy or 
silver clips The tracks are then filled with sulphathiazole or sulphadiazme 
cream, and in the absence of established infection, the opening in the dura 
mater is closed as securely as possible without causing undue tension Onh 
badly damaged and obviously necrotic portions of dura should be excised 
Careful approximation of the edges of the tear in the dura mater is advocated 
wherever possible, to prevent heinia ceiebri and leakage of cerebrospinal 
fluid This precaution is particularly applicable, where the accessor}’- nasal 
sinuses and mastoid an cells communicate wuth the w ound in order to prevent 
the development of cerebrospinal rhinonhea and intracranial aerocoele An 
unusual case w'lth these and othei complications, following a self-inflicted 
w’ound w’hich involved the left oibit, frontal sinus and frontal regions is 
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being lepoited elsewlieie (Mone) and Stollei, 1943, in piesb) Collaboiation 
\Mth an otoihmolaryngologist in these cases is advised 

Where the ventnculai system has been penetrated oi perfoiated by the 
foreign bod}, such closuie is also desiiable if an adequate toilet has been 
accomplished, but these wounds aie so frequently fatal, that much experience 
in their tieatment is haid to obtain If ceiebiitis and/oi biam abscess have 
already developed a soft inbbei diain oi nairow piece of coiingated lubbei 
IS inseited to the bottom of the tiack oi abscess cavity and the dura closed 
aiound it Then, aftei spraying \\ith snlphathiazole oi sulphanilaniide powder, 
the scalp is closed aiound the diain This diain is lemoved m 48-72 houis, 
if postoperative progiess is satisfactory 

A prophylactic course of a sulphonamide by mouth is always commenced, 
or continued, if it has been started alieady If meningitis and cerebntis were 
alread) established, then snlphadiazine nas found to be the best drug, but it 
had to be given quickly and m laige dozes, up to i8 Gm by mouth or 12 Gm 
intravenously, m each 24 houis m ordei to maintain a concenti ation of 
over 10 mg % of the drug in the cei ebrospinal fluid foi the next 72 hours 
'Ihese estimations, earned out by colonmeteiic methods, whenever cerebro- 
spinal fluid IS withdra-sMi at spinal punctuie, are absolutely essential, foi 
the correct regulation of the dosage of these dings, as each patient absorbs 
and concentrates them at difieient rates and m different amounts During 
the administration of such large doses of sulphonamide, it is necessary to 
give at least 3,000 cc of fluids daily by mouth, with sufficient alkali to keep 
the urine alkaline, in order to a\oid hematuria and anuiia, which occur if 
the drugs become piecipitated as ciystals in the otheiwise concenti ated and 
acid urine Under this leginien these complications did not occui, although 
one fatal case of pontine heinorihage A\as met with, but this appeared in an 
area of softening, about w'hich, more will be said latei In unconscious 
patients, tliese drugs and fluids may have to be given with nasal feedings 
or intravenously As a precaution again the production of blood dyscrasia 
and anemia, frequent blood counts and hemoglobin estimations should be made 
No experience w’^as gained in the use of the electromagnet for the removal 
of metallic foreign bodies fiom the brain, as none was available, but as 
many of these foreign bodies aie made of nonmagnetic metals, the use of 
this instrument is not considered woith wdnle 

Postoperative dressings are done as infrequently as possible, provided 
the general condition of the patient is good and the wound is healing satis- 
factorily without much discharge Adequate masking and the “no-touch 
technic” must be insisted upon, and it was found necessary to tram nurses 
and orderlies especially 111 these methods The appearance of a hernia cerebri 
or brain fungus calls foi moie frequent changes of dressing Usuall}’-, the 
protruding brain is sw^abbed gently wnth a w^eak hypochloiite solution, sprayed 
with sulphathiazole pow^der and then covered with vaselined gauze The 
intracranial pressure is reduced by spinal punctuies, daily 01 as required 
Where there has been considerable loss 01 lemoval of bone fioni the 
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cranial vault, and where the wound has healed with a pulsating or depressed 
scar, adherent to the dura mater and brain cicatrix (especially in an area 
uncovered by thick hair), it is felt that bone grafting and plastic pro- 
ceduies aie necessary, not only to relieve the usual complaints of local 
headaches, throbbing, giddiness on stooping, etc , which remain, but also 
fiom a cosmetic and psychologic point of view, for these soldiers always 
imagine that should they receive a blow of an)'- sort on the “unprotected” 
aiea of brain, fatal consequences are likely With this series, however, no 
case has so far been followed-up long enough to see whether bone grafting 
were necessary, and no further mention of it will be made here, except to 
say, that, of recent years and after similai injuries in civilian life, insertion 
of poitions of cadaver skull, after 20 minutes boiling, has proved both simple 
and satisfactory Several cases have already been operated upon successfully, 
m this fashion, m Middle East at another Neurosurgical Unit (verbal com- 
munication from Major P B Qscroft, R A M C ) 

The following case histones are presented to illustrate many of these 
points 

Case 9 — Pvt R W , age 24, was blow n off a motor cycle by the blast of a 
bomb, and sustained a wound in the middle of his forehead on September 12, 1942 
After a short period of unconsciousness, he was confused and irritable when he 
reached a nearby South African field ambulance about two hours later Operation 
was performed immediately, under general anesthesia After toilet of the wound had 
been earned out, a comminuted depressed fracture, about the size of a shilling, was 
discovered, slightlj to the left of the midfrontal line On attempting to elevate the 
depressed area of bone, severe hemorrhage w'as encountered presumably from the 
sagittal sinus, and the w'ound had to be plugged with gauze After insufflation of 
sulphanilamide powder and excision of the edges, the scalp w'Ound was sutured over 
the gauze packing The following day he was evacuated to an Australian general 
hospital, where, on September 14, the gauze packing w'as removed, without any 
further bleeding and the wound redressed 

He arrived at this Center on September 19 His wound appeared to be healing 
satisfactorily, but roentgenologic examination (the first) made shortly afterwards 
revealed several depressed fragments of bone, deeply mdriven As no abnormal neuro- 
logic signs were present, the wound was allowed to heal, and on October 13, under 
anesthesia with pentothal sodium, it was reopened and the mdriven fragments of bone 
removed, without encountering any severe hemorrhage Portion of the posterior 
wall of the left frontal sinus was involved and had to be removed, but the mucous 
membrane was intact The deepest fragment had penetrated the dura mater to the 
side of the sagittal sinus No signs of sepsis were found, so the wound was closed, 
and healed by first intention, with the aid of a short prophylactic course of sulphadiazine 

In this case, it appeared that the early surgical toilet and closure of the 
wound after excision, eliminated infection and complications, although the 
bone fragments could not be dealt with at the time 

The wound of the next patient also received prompt attention and healed 
primal ily with the aid of sulphadiazine despite the retention of some mdriven 
bone debris Owing to its extremely inaccessible site, the question of removal 
of this metallic foreign body never arose It was aiuazing what little seiious 
damage it had caused considering the regions of the brain it had travel sed 
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Case 10 — PNt A W, age 27, recened a severe penetrating “S W” of head, 
at about 1700 hoins on September 19, 1942, when a shell exploded m the dugout 
he was occupMUg He was not wearing Ins steel helmet at the time Consciousness 
was lost at once but regained later at the legimental aid post, where a lacerated 
w’ound of the scalp Avas dressed His left pupil was dilated and the plantar reflexes 
m both feet weie "extensor” at the time At midnight September 29, operation was 
performed at a casualU clearing station \ small wound near the biegma was ex- 
plored, and a hole found in the skull o\ci the supeiioi longitudinal sinus Some 
mdriven spicules of bone wcie remo\cd and tiiere follow'ed severe bleeding, w'hich 
was controlled tempoiarilv with gau7e packing Aftci excision of its edges and 
a liberal insufflation of pow’dcred sulphanilamide, the scalp wound w'as closed around 
two corrugated lubbei diains He was ccacuated next day by air ambulance to a 
Neurosurgical Center in Egept, where he arriccd m a restless and semiconscious condi- 
tion Theie was paresis of the left arm and leg and the head and eyes were 
turned to the left The left pupil w'as still larger than the right, and the left abdominal 
reflex was absent Pirexia and signs of meningitis were absent 

On September 2, the diains weie icmoAcd and some seroUs discharge w^as observed 
At 1800 hours, four Gm of sulphadiazine were gnen intravenously Soon afterw»ards 
an attack of renal colic and hematuria occurred, so that no more of tins drug 
could be gnen The next day the sutures w'ere lemoved The edges of the w’ound 
appeared to be softening and bulging, and it looked as if an hernia cerebri were 
de\ eloping Spinal puncture vielded blood-stained cerebrospinal fluid at a pressure 
of 180 mm, with a protem content of only 20 mg%, and containing 55 mg% 
of sulphadiazine The w'ound looked better after withdrawal of sufficient fluid to 
bring the pressure dowm to 120 mm 

On Septembei 25, the first roentgenologic examination of the skull w'as made, 
which show'cd "a small defect m the midline 2 5 cm posterior to the bregma, with some 
bone debris mdriven for about 3 cm and a metallic foieign body with a diameter 
of 0 T cm Ijing just to the right and behind the sella turcica ” No further active treat- 
ment w^as undei taken, and b\ September 27, the wound had healed satisfactorily 
1 he left pupil was still largei than the right but both icacted to light and accom- 
modation Diminution of sensation to pm-pnek was noted in the areas of skin 
supplied by the 2nd and 3rd divisions of the right trigeminal nerve, and the left hemi- 
plegia persisted, flaccid and hypotonic in the upper limb but more spastic m the lower 
limb where the tendon reflexes were exaggerated and the plantar response was 
"extensor ” 

Encephalography w'as performed on October 7, and the presence of any space con- 
suming lesion w^as excluded Thereafter, the patient became more alert, and as 
voluntary power returned in his left low'cr limb he w'as able to w^alk with assistance 
as it was unlikelj'' that he w'ould become an efficient soldier again for at least a j’^ear, 
he was repatriated from Middle East early m December, 1942 The hemiplegia 
was still improving and no other sjmptoms w'ere present 

Another patient had a single large retained metallic foreign body It tvas 
not causing any symptoms, but the involvement of the sensonmotoi area and 
its relative accessibility seemed to indicate the necessity for its removal, ivhich 
w^as accomplished ivithout incident and without finding any sepsis 

Case II — Tpr T G, age 22, of the Royal Tank Regiment w'as w'ounded m the 
left parietal region on October 25, wdien his tank w'as attacked bj a dive-bomber A 
piece of bomb perforated his steel helmet, wffiich he w^as wearing at the time Loss 
of consciousness was only momentari He remembered seeing a flash, and later, 
noticed that he could not control or stop moving his right hand In it w’as a feeling 
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of “pins and needles,” as if it were electrified, and when one of Ins mates touched his 
steel helmet at the site of the perforation he felt a “shock” m his right hand This 
indicated that tlie sensorimotor area corresponding to the right hand had been damaged 
His evacuation through a light field ambulance and an Australian casualty clearing 
station was rapid, with merely changes of dressing without roentgenologic examination 
01 operation On Octobei 27, at a general hospital, a cock-up splint was applied to his 
light wrist on account of weakness m dorsiflcxion By No\ ember 7 when transferred 
to another general hospital m Palestine, the wound in his scalp had almost healed 
and except for slight clumsiness on skilled movements, the right hand had recovered 
its power, and sensations were normal Roentgenologic examination was first made on 
November 19, wdneh revealed “a punctured fracture in the left parietal bone, with 
a metallic foreign body in the uiidcrhing brain” 

He was then sent to this Center, wdiere removal of the foreign body and some 
depressed pieces of bone w'as carried out under local infiltration anesthesia No 
evidence of infection was encountered and the wound healed by first intention Lumbar 
puncture was performed earlj' m January, 1943, when he returned from a convalescent 
depot for review The intracranial pressure w'as normal and the cerebrospinal fluid 
quite clear The right hand seemed noimal in every way His complaints of head- 
aches, as the daj' w'ore on, were accounted for by an adianced grade of myopia, 
for which glasses had been ordered He was considered to be fit foi return to his 
unit, when they w’ere supplied There did not seem to be anv indication for 
encephalographj 

The next case had a somewdiat similar injtiiy, but a more pailotis con- 
valescence with probably some peimanent disablement 

Case 12 — Pvt H P , age 26, of the Gordon Highlanders, w’as rendered uncon- 
scious by a mortar bomb at 0100 hours on the morning of October 24, 1942 He 
regained consciousness at 0440 hours, and applied his owm field dressing to a 
W'ound of his scalp He crawded back alone to safetv and lay there till found at noon 
next day He was evacuated rapidly dowm the line, arriving at a general hospital 
on October 26, where he complained of intense headache A superficial scalp wound 
m the right frontal region w^as dressed after removal of some matted hair On 
October 28, he was transferred to another general hospital 111 Palestine On arrival 
there, on October 30, his headache was still severe Neck rigidity w'as present and 
Kernig’s sign was positive Temperature 994° F, pulse 60 Roentgenologic ex- 
amination of the skull revealed (Figs 6 and 7) a gap m the cranial vault through 
which a minute foreign body had traveled and lodged deep m the right frontal lobe 
Several loose pieces of bone were piesent in the brain along the track of the foreign bodv 

Spinal puncture was performed and clear fluid was obtained, not under pressure, 
and removal of S cc relieved the headache No record of any bactenologic or 
cjdologic examination was found The wound w^as packed wnth sulphamlamidc 
powder, and 2 Gm of sulphanilaraide were given, by mouth, every four hours The 
next day pyrexia was slightly higher, and, although the headache was less, the patient 
was drowsy He was then transferred to tins Center and on arrival, at 1800 hours, 
the wound was seen to be bady infected, with a foul purulent dischaige, admixed with 
gas, from which hemolytic streptococci were grown on culture Obvious signs of 
meningitis were present Spinal punctuie jielded jellow fluid, at a pressure of 200 
mm , containing 520 neutropmls and 320 lymphocytes per cu mm The protein content 
was 185 mg % Three Gm sulphadiazine were given intravenouslj , and he was allow ed 
a good rest after his journe}^ 

On November l, he w'as better, and the temperature had fallen to normal Spinal 
puncture was repeated and yielded clear fluid, at a pressure of i =50 mm , containing 
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200 neutrophils and 475 Ijmphocjtes per cu mm The protein content had fallen to 
85 mg% The sulphadiazine content of the cei ebrospinal fluid was only 6 mg%, 
so a further three Gm vere given mtra\ enousl}’’ and repeated 12 hours later 

On No\ ember 2 the signs of meningitis had disappeared but as the discharge 
fiom tlie -wound was still copious and foul, opeiation was proceeded with, undei 
anesthesia w'lth pentothal sodium The edges of the wound m the scalp weie excised 



Tig 6 — Case 12 Anteroposterior Mew, showing the irregular gap in the right 
frontal bone, and the numerous irregular pieces of indriven bone The small metallic 
foreign bodj is situated most mfenorly toward the midlme 


and the hole in the bone enlarged, to define the tear m the dura matei It was blocked 
b} a piece of indrnen bone, and when tins was removed, pus and gas escaped from 
a brain abscess with relief of intracianial tension The cavity of the abscess was 
exploied and three more fiagments ot indnven bone and much neciotic debris were 
ienio\ed The deepest fiagment vas 7 cm from the level of the dura and must have 
been verj'- close to the lateral ventricle The small metallic foreign body was not found 
The cavity was irrigated, and a small soft tube inserted into its depths The wound 
was sprayed with sulphanilamide powder and closed around the tube A pure culture 
of hemolytic streptococci was grown from the pus of the abscess As soon as the 
patient became conscious the administration of sulphadiazine was commenced by mouth, 
four Gm as an initial dose followed bv' two Gm every four hours 

The next dav, his condition was satisfactoiv, and the sulphadiazine content of Ins 
ceiebiospinal fluid had icaclied 125 mg% Convalescence was thereafter uninterrupted, 
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Fig 7 — Case 12 Lateial view, again slioniiig tlie irregular gap in the cranial 
aault and the indriven bone fragments along the track of the small missile, uhich is 
the most inferior and posterior foreign body 

the tube was removed on November 8, and sulphadiazine was stopped after a total 
amount of 64 Gm had been given 

By December 8, the abscess cavity had completely healed and he was sent to a 
convalescent depot He returned for review early m January, 1943, feeling well 
except for headaches on exertion and giddiness on stooping down The scar in the 
scalp at the side of the wound, was indrawn, somewhat tender, and pulsated during 
exertion Encephalogiaphy was performed by the spinal route The pressure of 
the cerebiospinal fluid was noiinal , it only contained two Ijmphocites per cu mm, 
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and the protein content ^\ as 30 mg 9 c Roentgenologic examination after the 
introduction of 30 cc of oxjgen showed some generalized enlargement of both lateral 
^entrlcles m tlieir anterior horns, with a definite “wandering” of the right anterior horn 
towards the cicatrix resulting from the abscess The metallic foreign body previously 
seen had now sepaiatcd into two paits, and both pieces w'ere more superficial 

The patient W'as returned to the comalescent depot for further graduated training, 
but it was thought that bone grafting would be necessaiy later, and that he would 
probablj not be fit to return to front line duties 

The fifth case selected fiom these giottps W’^as the only one of the series 
in which a fatality occuried, and demonstiated how serious infections of 
the wounded brain can still be, once they leach a ventricle, despite the 
adtent of tlie sulphonamides Unfortunately this case tvas one of the earliest 
in the senes and was treated befoie a coloiimeter was available and befoie 
the importance of determining the concentration of sulphadiazme in the 
cerebrospinal fluid of each patient (irrespective of dosage) w^as realized 
Had this case been encountered later on, larger doses of sulphadiazme w^ould 
ha\e been given for a longer time m the fiist course, and operation for the 
removal of the remaining mdinen bone fragments wmuld have been undei- 
taken much sooner Full details, with the findings of the postmortem exam- 
ination are submitted 

Case 13 — \Y O (Class 2) E W H, aged 33, of the N Z E F, w'as admitted 
to a New Zealand field ambulance on July 8, 1942, wuth a history of having received 
a “S W ” of head m the right occipital region 14 hours previously Loss of consciousness 
was not recorded The wound was cleaned wuth peroxide of hydrogen and dusted with 
sulphamlamide pow der He reached a general hospital next day where his w^ound 
was redressed An entrj on his field medical card stated “Not considered suitable for 
surgeix’- Skull does not appear to have been fractured No roentgenograms taken ” 

On July 10, he w'as transferred to another general hospital m the Canal Zone, 
where a roentgenologic examination re^ ealed a comminuted fracture in the right occipital 
region Despite complaints of constant headaches, no surgical measures w^ere instituted, 
as the W'ound w^as healing satisfactorily wnth daily dressings 

On July 24, he was evacuated by ambulance tram to a general hospital m Palestine 
Apart from headaches, his condition seemed good and the wound had almost healed 
On July 30, his headache had become severe enough to warrant relief with morphia, 
and vomiting began His temperature w'as elevated and total white cell count was 
16,000 per cu mm Roentgenologic examination show'ed “an area of bone necrobis 
in the right occipital region, ovoid m shape, and about 4x25 cm ” Spinal puncture, 
performed next morning, yielded cloudy fluid, under pressure, containing 19,000 cells 
per cu mm Hemolytic streptococci were grown from it, on culture The administration 
of sulphapyndme m full dosage w^as commenced at once by mouth 

On August I, his condition was critical, and his temperature had reached 105° F 
Under anesthesia with pentothal sodium, the wound was explored and several depressed 
fragments of bone found Some of them had punctured the dura mater, and on attempt- 
ing to dislodge one of them severe bleeding began, probably from the lateral sinus 
This fragment was removed and the bleeding was controlled by plugging wnth gauze 
The exposed dura was then needled and some pus w'as aspirated at a depth of about 
tw'o centimeters Hemolytic streptococci were also grown from this pus After 
dusting with sulphamlamide powder, the wmund was packed wnth vaselmed gauze 
and the admmisti ation of sulphapyridme continued by moutb 
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During the next few days his condition improved somewhat and, on August 6 
he was transferred to this Centei On admission, he complained of bilateral headache 
and nausea Theie was marked rigidity of his neck The abdominal reflexes were 
absent and a left-sided homonymous hemianopia was detected but no papilledema 
Spinal puncture yielded turbid, yellowish fluid, at a pressure of 240 mm , containing 
780 cells pel cu mm It was steiile on culture, but the protein content was high, vis, 
250 mg % The wound looked clean and was healing by granulation A reexamination 
of the right occipital region, roentgenologically, showed (Fig 8) “an old comminuted 
fracture, extending across the lambdoid suture into the mastoid region Some frag- 
ments of bone are still remaining, in the lower part of the opening and probably dis- 
placed inwards ” In view of the failure of the sulphapyndine to clear up the meningitis 
sulphadiazine was substituted, two Gm by mouth every four hours 

On August 10, he was better clinically, although spinal puncture yielded fluid 
still slightly yellowish and turbid, at a pressure of 290 mm The cell count had fallen 
to 265 cells per eu mm, but the protein eontent had risen to 400 mg % (In the light 
of postmortem findings, it is believed that tins indicated that ependymitis and pyocephalus 
were already present at that time) 'Vs 40 Gm of sulphadiazine had been given, its 
administration was suspended 

On August 13, spinal puncture showed that, wdiereas the pressure of the cerebro- 
spinal fluid was lowei at 270 mm, the cell count had iisen to 760 per cu mm The 
protein content was 350 mg % A second course of sulphadiazine was commenced by 
mouth, four Gm were given e\ery six hours for four doses, followed by two Gm 
every four hours Under local anesthesia, the wound was explored Two pieces of 
loose bone were located deep to the dura and were surrounded by granulation tissue, 
but their removal caused profuse bleeding from the lateral sinus and further exploration 
could not be proceeded with 

Some improvement took place duiing the next few days and the sulphadiazine 
was again suspended, on August 17, after 38 Gm had been given Three days later, 
liowever, intense headaches and vomiting returned The patient became irrational 
facile and slightly aphasic Weakness and incoordination in the left upper and low'cr 
limbs w'Cre found, and the plantar reflex w'as “extensoi ” Bilateral grasping reflexes 
wcie present Spinal punctuie jielded slightly turbid yellow' fluid, at a pressure of 
440 mm , containing 580 cells per cu mm , and 700 mg % of protein ' Roentgenologic 
examination was repeated, and two loose pieces of bone w'ere still inside the 
cranium and deep to the posterior end of the w’ound It w'as presumed that an abscess 
had formed in the right cerebral hemisphere, and w'as extending forward to involve 
the internal capsule and the lateral ventricle Accordingly, under local anesthesia, 
the wound w'as again explored, and the two pieces of indnven bone were removed from 
the occipital lobe, at a depth of about three centimeters, follow'ed by a small amount 
of blood-stained purulent discharge A bur hole was then made 6 cm above the inion 
and 3 cm to the right of the midline, and the right cerebrum explored through it 
with a brain needle The right lateial ventricle could not be located, and no abscess 
was found in the parietal or temporal lobes, but, in the direction of the w'ound, at a 
depth of s cm , a nonencapsulated abscess was located There drained from the 
needle about 10 cc of pus, from which colonies of streptococci and staphylococci were 
grown The patient’s condition had impro\ed slightly at the end of this procedure 
and on return to the ward, a third course of sulphadiazine was started with an initial 
dose of four Gm , followed by three Gm every six hours in nasal feedings 

By August 28, further improvement had occurred, especially in his mental condi- 
tion Headaches and neck rigidit> were less, and he had been apyrexial for 48 hours 
Spinal puncture jielded clear fluid, at a pressure of 240 mm, containing only 85 cells 
per cu mm The protein content had fallen to 190 mg % The w'Ound looked 
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clean, and there A\as no hernia cerebn A brain needle was introduced into the light 
occipital lobe but only a little old blood was evacuated It really looked as though 
the infection had been o\ercome at last, and next day, after 77 Gin had been 
gnen, the thud couise of sulphadiazinc was stopped 


1 r’x 

1 



Fig 8 — Case 13 Oblique view of right occipitomastoid region, showing the gap 
in the bone caused by the missile and the line ofj the fracture, with fragments of bone 
still present and probably indriven in the lower part of the opening 


This happy state of affairs was, however, shortlived and on August 31, a sudden 
relapse occurred The patient became deeply unconscious, w'lth dilatation of both pupils, 
and left-sided hemiplegia Patellar and ankle clonus w'as elicited, and the plantar 
responses were “extensor” on both sides A brain needle was passed through the bur 
hole and about 10 cc of sei osanguineous pus were released from the occipital lobe, and 
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a further lo cc of yellow pus at a depth of 7 cm from the temporal lobe, possibly 
from the lateral ventricle Aftei a temporaiy impro\ement, his condition rapidly 
deteriorated, and he died in a state of hyperthermia late that night 
A postmortem examination of the head was made next day by Major E B Jones, 
the pathologist to the Hospital He found some infected brain tissue extruding from 
the wound in the right occipital icgion The right lateral sinus had been opened b^ 



Fig 9 — Cnse 13 The midbrain has been cut through just where it joins the pons 
The section on the right side is at a slighth higher level than on the left side The 
undersurface of both cerebral hemispheres can be seen Note the area of traumatic 
cerebritis in the right occipital lobe, and the softening and hemorrhage in the pons 
and midbrain 

the wound and its lumen had been obliteiatcd by organized blood clot An area of 
traumatic cerebritis was seen where the right occipital lobe was adherent to the 
edges of the tear in the dura mater at the site of the original wound (Fig g) 
The fore- and midbrain were removed by cutting through the upper part of the pons, 
and an extensive area of softening was revealed in the midbrain and pons, m which 
a recent hemorrhage had occurred (Figs 9 and 10) The tentorium cerebelli and the 
rest of the brain were normal Signs of chronic meningitis were present in the posterior 
fossa The biam nas tlien placed in foi mol-sahne solution and, ten days later, horizontal 
sections vcie unde, at iiitemls of t s cm Ihiough the ceicbial heniispheies (Figs 10 
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and ii) Fioni the site of trauma m the posterolateral aspect of the right occipital 
lobe, and passing forwaids and upwards till it reached the nght lateral ventricle, was 
an area of softened brain tissue, in which hemorrhages had occurred and several 
abscesses had formed The hemorihages had appaiently occurred at different times, 
some show'ing >ellow^ discoloration The nght lateral ventricle w'as filled with material 
which looked like coagulated cerebrospinal fluid, mived with organized pus indicating 



Fig 10 — Case 13 Horizontal section through the right cerebral hemisphere at i 
depth of I 5 cm from the undersurface, photographed from below Note the are i 
of softened brain extending from the right occipital lobe to invohe the literil 
ventricle It contains manj simll hemorrhages and abscesses 

localized pyocephalus of some duration The right cerebral hemisphere was much 
larger than the left and had been dislocated across the middle line This had interfeicd 
with the emptying of the left lateral ventricle, which was considerably enlarged and 
filled with clear fluid The third and fourth ventricles were also filled with clear fluid , 
and thus, the pyocephalus m the nght lateral ventricle must have shut off and was appar- 
ently proceeding to a stage of cure (such was the power of the sulphadiazine') when the 
fatal pontine softening and hemorrhage occurred No reason for this final complication 
can be offcicd, as neithei the onginal w'ound oi subsequent operatnc piocedures iinolved 
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this region, and lepeated blood examinations during the administration of the large 
doses of siilphonamides had not levealed anj blood dyscrasia 

The last case is presented to sliow that sepsis, and even an abscess 
may he latent around a piece of indiiven bone, without symptoms and 
without signs of increased mtracianial pressure, anothei cogent leason foi 
the removal of organic foreign bodies 

Case 14 — Pvt A PI, age 31, received a severe “S W” of head with indnven bone 
fragments in the right parieto-occipital region, at 1000 hours, on July 24, 1942 Pie 
was wearing his steel helmet He was only unconscious for a few minutes, and 
complained of blurred vision when he icgained consciousness Operation was pe-- 
formed at a casualtv dealing station at 1800 hours, next day The edges of the 
wound were excised, some pulped biam and superficial bone fragments removed, and 
the wound closed m two layers around a glov'e dram, after dusting with sulpha- 
nilamide He was evacuated the same day to a general hospital where a course of 
sulphapyndine was commenced bj mouth Healing of the wound progressed satis- 
factorily but a roentgenologic examination, made on Julj 28, showed an annular area 
of bone missing from the right posterior parietal area, with a collection of indnven 
bone fragments deep to it 

It was realized that their removal was indicated, and he was transferred to a 
Neurosuigical Unit in Egypt on lulj' 31 There were no abnormal signs detected 
on neurologic examination except a left homonymous hemianopia During the next 
three weeks, the wound discharged some old blood clot and leaked a little 
cerebrospinal fluid on and off, but by August 22, it had healed except for a small 
button of granulation tissue Routine encephalographj was performed and showed a 
filling defect in the posterior horn of the right lateral ventricle The cerebrospinal 
fluid, though clear, had five polymoi phs per cu mm , and the protein content was 
40 mg% 

It, thus, appeal ed to Alaj P B Ascroft, R A M C , that the patient had a brain 
abscess, despite his satisfactory clinical condition, and on August 26, the W'ound was 
reopened, and the “track” in tlie brain was explored Pus was encountered at a depth 
of 25 cm from a thick-walled abscess at this site, seven irregularlj^-shaped pieces 
of bone, up to two centimeters in length, were removed Sulphathiazole cream was 
injected into the cavitv, and the wound closed around a rubber dram On culture 
of the pus, a staphylococcus was grown 

Convalescence was uneventful and, on September 7, he was transferred to this 
Center for down-grading, due to the persistence of the left homonymous hemianopia, 
before a final set of steroscopic i oentgenograms, taken on September 6, had been 
examined These revealed secen 01 eight more pieces of mdrwen bone of various 
sizes, and the presence of another residual abscess had to be considered Spinal 
punctuies, on September 16 and 24 yielded clear cerebrospinal fluid, at normal 
pressure, only containing a few" lymphocytes per cu mm , but the protein content of 
30 mg %, on each occasion, indicated the persistence of a focus of infection Accordingly 
on October 3, the wound was reopened, the scar m the dura mater defined, and the 
region of the old abscess explored With great difficulty, five separate pieces of 
indnven bone were removed from depths varying between 3 and 5 cm , and around 
one of them a small amount of pus was found in an abscess cavity which was removed 
by suction The wound was closed with drainage, after the insufflation of sulphanila- 
mide pow'der A pure culture of staphylococcus was again growm from the pus 

About three dajs later, sjmptoms and signs of meningitis appeared, despite a 
pioplnhctic course of sidpbapj 1 idine, but this infection gi uhnllj subsided w’lth 
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increased dosage of this drug, and a suies of spuial punctuies On Novtinbti (> 
examination bj Alaj T Kiiigslc}, tin. ophthalmologist to the Hospital, showed normal 
tundi but a complete left homoiiMiious hemianopia (see Charts, Figs 12 a and b) 
Spinal puncture eielded clear fluid undci iiornia! piessure, with 15 lymphocytes pei 
cu mm and a protein content of 45 mg % Stcicoscopic roentgenograms were again 
taken, and showed three mdinen fiagmcnts of bone still m situ, but it w^as decided 



Fig II — Case 13 Horizontal section through both cerebral hemispheres, at a 
depth of 3 cm from the undersurface, photographed from belou Note the large size 
of the right cerebral hemisphere compared with the left, also the light lateral ventricle 
filled with congealed and organized cerebrospinal fluid and pus The lett lateral 
ventricle is enlarged but not infected 

to leave them there for the time being rather than risk stiiring up anothei attack 
of meningitis, and he was sent to a convalescent depot for a month His condition 
remained very satisfactory during that time, and he was repatiiated hfter dowm-grading 
about the middle of December, 1942 

So far, little has been said about wounds of Gioups 5 and 6 , t e , peifoiatmg 
or ‘‘tbrough-and-thi ough” ■wounds, and penetiating wounds, wdiere the 
missile has entered through the 01 bit and/01 accessory nasal sinuses 
Usually, there weie greater degiees of neurologic disturliance and loss of 
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function, both tiansient and peimanent, associated with these groups of 
wounds, on account of the longei path taken by the missile, and the greater 
chances it had of causing ceiebial damage, whethei it passed m a trans- 
^erse, sagittal or oblique plane Many of them ^^ele fatal, oi death took 
place in the foiward aieas befoie the} could leach a Special Center 
The piolonged period of initial unconsciousness and the added risk of 
tlie missile introducing viuilent oiganisms fiom the accessoiy sinuses, 
or elsewheie, deeply into biain tissue oi even the ventiicular system, m- 
ci eased the hazards of their nursing and treatment, and made their 
prognosis worse In geneial, the same methods of treatment, in the 
way of wound toilet, removal of indnven debus and bone fiagments 
(especially fiom the oibital roof oi frontal sinus), contiol of hemorrhage, 
and the use of sulphonamides aie all applicable, but special attention should 
be directed towards gentle lavage of the tiack of the missile, followed by 
the injection of a sulphonamide cream, the provision of soft rubbei drainage 
for a short peiiod, and the pre\ention of leinfection, aerocele and fistula 
formation, from the invoked sinus or oibit, by a careful repair or replace- 
ment of the torn dm a matei as soon as piacticable A few cases of these 
groups were encountered m the piesent senes, each wuth its own problems, 
but It IS } et too early to assess then final results, and it is felt that considera- 
tion of them should be defeired 

DISCUSSION AND CONCLUSIONS 

Most of the lessons to be learned from treating this senes of cases have 
been discussed and pointed out as they occuried They may be reiterated 
as follow s 

1 The thoioughness of the initial examination and toilet of the w^ound 
IS more impoitant than the time factor at least up to four days, as long as 
prophylactic sulphonamide therapy is maintained during the period of 
waiting 

2 Surgeons, with field surgical units, must have a knowledge of neuro- 
surgical technic, and be provided with adequate facilities, if this class of 
wound IS to be correctly dealt with in forward areas 

3 Under conditions existing in Middle East, it is better to stabilize 
these facilities at a place where the patients can be "held” after operation, 
and so arrangements should be made to transport the patient back as rapidly 
as possible, preferably by air ambulance, to a Special Center 

4 An alternative plan is the provision of a field surgical unit wath 
operating theater and beds, entirel)'- on wheels, which could keep pace wnth 
the advancing or retreating troops or be replaced by another similar unit 
w'hen its accommodation w as filled 

5 The removal of indriven bone fragments and inorganic debus is 
more impoitant than the extraction of metallic foreign bodies 

6 Even minute missiles, making a small wound m the scalp and outer 
table of the skull, aie likel} to drive large comminuateJ pieces of the inner 
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table, deeply into the brain and cause nioie extensive damage than the size 
of the missile and the condition of the patient would indicate 

7 Closure of the teai m the dura mater should be attempted in order 
to prevent the formation of hernia cerebri, cerebrospinal fluid fistula, and 
aerocele 

8 Signs of unilateral local and focal damage to the hi am do not call foi 
extensive operations, m the absence of signs of compression, hut they 
should be recorded from time to time liy ohseiwei s trained in neurology 

9 The actual concentration of sulphonamide m the cerebrospinal fluid 
of every patient varies with the same dosage, and must be checked at frequent 
intersfals by colorimetric methods to make sure an adequate concentration is 
being attained, and maintained, in case of intracranial infection 

10 The advent of the sulphonamide group of drugs, especially sulpha- 
diazme, has altered the outlook for uounds of the head entirely, and none 
should ever be despaired of, however badl}^ infected and however serious 
the complications , noi' can the final result be pi edicted 

From a prophylactic point of view, it is felt that something further could 
be accomplished m the prevention of ^\ounds of the head and subsequent 
infections by 

( 1 ) The provision of a more modern design of steel helmet, which would 
fit closer and lower down over the frontal, temporal, mastoid and occipital 
regions, and which would hinder the entry of rising foreign bodies from 
explosives which hurst on the ground The present design of steel helmet 
supplied to the British forces was designed, originally, to afford protection 
against bullets and the shrapnel of air-bursting explosives, now, not nearly 
so commonly encountered as splinters from bombs, high explosive shells 
and land mines Major P B Ascroft, RAMC (verbal communication) 
has some Very illustrative figures and charts, compiled from his series of 
some 700 cases, encountered during several Middle East campaigns, to prove 
these contentions Their publication and his suggested design for a nev 
helmet are awaited with interest 

(2) The issue of a general ordei that all troops should have the hair 
of the scalps closely clipped before going into battle This would enable 
them to keep their scalps cleaner and greatly facilitate the work of the 
Medical Senaces in the recognition of wounds and their preparation foi 
operation It would also prevent long hairs and debris from being carried 
m by the missile A somewhat analogous proceduie exists m the Royal 
Navy, where personnel are advised either to discard all clothing when 
going into action, or put on brand new or clean clothes, to lessen the risk 
of sepsis from old dirty clothing being driven into their wounds 

(3) Every soldier should be given, to keep with his field dressing, a large 
standard dose of sulphapyradine or sulphadiazine, sa)’- four or six Gm , with 
instructions to take it himself, if able, or have it given to him by a stretcher 
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bearer, as soon as possible attci being \\ounded This ^\()uld be an etteetivc 
proph} lactic foi the next 12 hoiiis 

smiMABY 

1 The suigical management of a series of battle casualties of the head, 
met iMth m the Iiliddle East, is desciibed and illustrated by numeinus 
case lepoits 

2 Attention is diaun to ceitain anatomic and physiologic pecuhaiities 
of stiuctmes involved, as veil as the efiects of modem missiles used in 
Desert Wax fare on these stiuctuies 

3 A classification of these wounds and the teiminolog)' applied to them 
in the British Army aie submitted 

4 The necessity of pioviding adequate neuiosuigical facilities, both in 
personnel and equipment, foi dealing vith these cases is pointed out and a 
general scheme outlined 

5 The lessons to be learned fiom the cases are discussed, and some pro- 
phylactic measures aie suggested foi future campaigns 

The thanks of the authois a’C gratefulK extended to the undermentioned peisons 
without w’hose assistance the tieatment of this senes of eases and the preparation ol 
this paper would not have been possible 

1 The Director of IMcdical Senices, G H Q ^Middle East, and the Consultant 
Neurologist, who authorized the establishment of the Unit as the No 2 Head 
Center in the ^Middle East and made available certain special equipment and drugs 

2 The officers in charge of surgical divisions and surgical specialists of the other 
general hospitals who referred their cases for opinion and treatment 

3 The anesthetist, the ophthalmic and otorhinolaryngeal surgeons, the pathologist 
and the radiologists to the Hospital, and their staffs, who readily made their services 
available at all times 

4 Professor Howard Naffzigei , lil D , of the University of California Medical 
School and the British War Relief Societ}’^ of Northern Calif 01 nia, USA, who 
donated special neurosurgical equipment to leplace that previously lost by enemy action 

5 Pvt L R Withers, of the Hospital Staff, for the reproductions of the roent- 
genograms 

6 The Director General of Medical Sei vices. Allied Land Forces, Austiaha, and 
the Deputy Director of Medical Sei vices, Austiahan Imperial Force, Middle East, 
for permitting the publication of this ai tide 
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COMMUNICATIONS BETWEEN THE CORONARY ARTERIES 
PRODUCED BY THE APPLICATION OF INFLAMMATORY 
AGENTS TO THE SURFACE OF THE HEART* 
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FROM THE I ABORATORT OF SURGICAL RESEARCH TilE WESTERN RESERVE UNI\T:RSITY 
AND Tlir UNIVERStTA HOSPITAI-S CLEVELAND OHIO 

Communications between the three major coronary arteries can be 
produced by surgical methods It was shown experimentally by Stanton, 
Schildt and Beck^ that trauma applied to the surface of the heart brought 
about the development of communications between one coronary artery 
and anothei The type of trauma that was used m this demonstration was 
produced by abrasion of the surface of the heart The epicardium was 
roughened and torn by means of special burs made foi this purpose We 
are now reporting upon the effect of various inflammatory agents applied 
to the surface of the heart We are attempting to find a substance which, 
when applied to the heart, opens up or develops vascular channels between 
one coronary artery and another and at the same time does not produce 
harmful side-effects A number of inflammatory agents have been used 
on the heart Powdered beef bone was used by Beck ,2 aleuronat was used 
by O’Shaughnessy talc was used by Thompson and a mixture of aleuronat, 
starch, glycerin, commercial gelatin, water and homte was used by Hein- 
becker and Barton ® A study of this subject is obviously important Our 
experiments may be regarded as an introductory study of this subject 
Method — Dogs were used The material for study was introduced into 
the pericardial cavity either by making a small opening in the parietal 
pericardium or by an aspirating needle The opening in the parietal peri- 
cardium was closed tightly by sutures Three or more experiments were 
carried out with each substance that was selected for study The pericardium 
was opened at the end of one, two and three weeks, under surgical condi- 
tions, and the reaction observed Additional experiments were carried out 
with those substances that produced a favorable reaction 

Intercoronary communications were determined by a method worked out 
in our laboratory We used a mixture consisting of barium sulfate 500 Gm , 
powdered gelatin 150 Gm and distilled water 850 cc ® This mixture was 
filtered while hot and was injected at a temperature of 45° C into the cir- 
cumflex branch of the left coronary artery and into the right coronary artery 
The heart was immersed in water at a temperature of 45° C during the 
injection Injection of the arteries was done at a pressure of 200 mm 
mercury for three to five minutes The specimen was chilled to solidify 
* Aided by a grant from the John and Mary Markle Foundation 
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the injection mass It was tlien fixed in a solution of foimaldehyde 
Roentgenograms weie taken with the heart m such a position as to show 
tlie descending ramus of the left coionary artery The degree of filling in 
the descending ramus of the left coionaij'- artery was considered as an indica- 
tion of communications between this aiteiy and the two arteries that weie 
injected It would appeal that the degiee of filling has some quantitative 
significance The injections veie giaded as absent, slight, intermediate, and 
good, and these teims aie used thioughout this paper as a measure ol 
intercoronaiy aiteiial communications Sections of the paiietal pericaidium 
and the epicardium were examined inici oscopically When it appeared 
to be desirable, ve attempted to measuie the protective effect by ligating 
one of the arteries This was done by ligation of the descending ramus 
of the left coronar}^ arterj at its origin several v eeks after the substance under 
investigation had been applied to the heart The mortality rate of these 
ligations and a study of the specimens gave information on this subject 

Substances for Study — The most desiiable substance appears to be 
one that produces a well vascularized type of gianulation tissue without 
producing necrosis of the myocaidium, severe exudation and cicatrization 
Before beginning the stud}'- repoited heie, Beck had carried out experi- 
ments on various substances which he never fully leported The substances 
investigated were powdered beef bone, surgical solution of chlorinated 
soda, kaolin, iron filings, tincture of iodine, ether, alcohol, saturated solu- 
tion of sodium chloride, solution of glucose, hoise serum, acids and alkalies 
Of these, pow'dered beef bone produced the most favorable reaction and 
was used by Beck in human patients operated upon for coronaiy artery 
sclerosis Chlorinated soda produced compi ession scars Kaolin (hydrated 
aluminum silicate) w'as absorbed, leaving no reaction, and was found in 
mediastinal lymph nodes Iron filings, tincture of iodine, ether, acids and 
alkalies produced hemorrhagic exudate and severe necrosis The other 
substances produced little or no inflammatory reaction 

The only way to determine the effect of any substance is to try it 
There w'as little information to aid us in the selection of materials for study 
For this reason w'e are recording the effect of every substance w'e studied 

EXPERIMENTALINVESTIGATIONS 

Croton Oil — Croton oil was mixed with olive oil in the proportion of i to lo 
Three cubic centimeters of this mixture produced death within five hours Minute 
hemorrhages were present beneath the epicardium There was no fluid in the pericardial 
cavity Five cubic centimeters of a 4 pei cent mixture produced death within 24 
hours Two cubic centimeters of a i per cent mixture produced death in 48 hours 
A large quantity of bloody fluid -was found wnthin the pericardial cavit}' in each of 
these experiments Capillar}' hemorrhages w'ere present beneath the epicardium 

Croton oil was mixed wnth sesame oil m the proportion of i to 1000 Five cubic 
centimeters of this mixture was used in one experiment and one cubic centimeter was 
used in two experiments These animals died m three da3's, two days, and seven da3s 
One had acute cardiac compression produced bv 200 cc of blood}' fluid in tlie peri- 
cardial cavity The thoracic and abdominal cavities contained straw-colored fluid 
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The liver bhowed focal necrosis Ihc mediastinal tissues in these experiments showed 
hyperemia Fibrin was deposited upon the epicardium within a few days Micro- 
scopically, a deposition of fibrin was found on the epicardium and parietal pericardium 
and these structures showed acute inflammation 

Croton oil, even m high dilution, is a strong irritant and should not be 
used for this purpose 

Santa! Oil — Santal oil was used in tliicc cxpciimcnts lliicc cubic ccntiineteis 
produced death within five days in each experiment A laige quantitv of turbid fluid 
was found in the pericardial cavity A severe inflammatory reaction was present 
beneath the epicardium and also in the parietal pericardium Microscopically, there 
was evidence of acute inflammation in the epicardium with necrosis of the adjacent 
myocardium There was an infiltration of polymorphonuclear leukocytes and large 
round cells m these structures 

Santal oil is a strong irritant when injected into the pericardial cavuty 
and should not be used for this purpose 

Formaldehyde — Formaldehyde was used in six experiments Two cubic centi- 
meters of 10 per cent solution was used In three experiments death occurred within 
seven days Fluid was found in the pleural and pericardial cavuties In one experiment 
death occurred two months later from chronic cardiac compression The parietal peri- 
cardium and epicardium were sealed together and compression developed from the 
contracture of this scar In two expciiments the descending ramus of the left coronarv 
artery was ligated at its origin ten dajs after tlie introduction of the formaldehyde 
Death occurred almost immediateh after ligation of this artery in each experiment 
The coronary arteries were injected and in one of these specimens there were some 
intercoronary communications present and in the other specimen there was no evidence 
of intercoronary communications 

Formaldehyde is a strong irritant It produces exudate and compression 
scars It may exert some slight effect upon the production of intercoronary 
communications but the reaction is too severe for our purpose 

Neutral Acriflavine — Neutral acnflavine was used in a 30 per cent solution 
Two cubic centimeters were introduced into the pericardial cavity in three experiments 
One animal died four days later one died six days later, and one was killed seven 
days later Serosanguineous fluid was found in the pericardial and pleural cavities 
m each of these animals The parietal pericardium w'as thickened and a few fibrinous 
adhesions to the heart were present Subepicardial inflammation and degeneration of 
adjacent myocardium were found Many small blood vessels were present in the 
pericardium 

Acnflavine is a strong irritant and should not be used for oui purpose 

Typhoid Vaccine — TjThoid vaccine (one billion organisms per cubic centimeter) in 
doses of tw o cubic centimeters was introduced into the pericardial cavity in three experi- 
ments These animals were killed at the end of one, two and three weeks The epi- 
cardium and parietal pericardium appeared to be normal in each experiment 

Typhoid vaccine produced no recognizable reaction in these experiments 
We should like to suggest that biologic reactions, such as the Schwartzinan 
reaction, should be investigated in reference to this pioblem 
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Sodtum Moiilniatc — Sodium nioirhuatc (Parke, Davis, 5 pei cent) was injected 
into the pericaidial cavit} in tliiee animals in doses of three cubic centimeters At 
the end of one week tlie parietal peiicardium showed a severe hemorrhagic inflammatorj" 
leaction consisting of led corpuscles, fibiin, edema and polymorphonuclear leukocytes 
There was also an increase in the size and number of blood lessels Fibrinous adhesions 
to the epicardiuni were everjwheic piesent These did not bleed wdien broken during 
operation The epicardium was thickened and sliow'ed a similar reaction There was 
little 01 no fluid between pericardium and heait At the end of 19 days the inflammatory 
reaction had almost eiitneh disappeared There w^ere no adhesions and epicardium 
and parietal pericardium appeared to be 1101 mal Microscopically, the parietal peri- 
eaidium show^ed resolution of the inflammation wnth some residual fibrosis Theie w'as 
no increase in lasculaiiti At the end of four months the epicardium and parietal 
pericardium appeared grossh normal and, microscopically, show^ed some slight fibrosis 

The right coronari' arteri and the circumflcv ramus of the left coronary arterj’- were 
injected with barium sulfate-gelalm mixture in tw'o specimens that had received sodium 
morrhuate four months pieiioush In each of these, tiie descending ramus of the left 
coronan arteiw showed shglit injection The amount of barium present was within 
the limits found in normal hearts injected in the same w'ay 

Sodium monhuate pioduces an inflammatory reaction together with an 
inciease in vasculant}’- dining the early stages These changes are of a 
temporal} nature and disappeai after a few weeks Foi our purpose it 
IS desirable to select a substance that exerts an effect on vasculant} foi a 
long period of time 

Sodium Rtctuolcafc — Sodium iicinolcate (“Soricm ” Meirill Co, 5 pei cent) was 
Injected in quantities of three cubic centimeters in each of tliree animals At the end 
of one week the epicardium and parietal pericardium sliow'ed severe inflammatory reac- 
tion Microscopically, a marked extravasation of red blood cells was found beneath the 
epicardium and also m the parietal pericaidium In one animal that was operated 
upon for purposes of examination, ten cubic centimeters of serosanguineous fluid was 
found m the pericardial cavity Death occuiied five days later, and large quantities 
of serosanguineous fluid w^ere found in the pleural and pericardial cavities The heart 
w^as examined foi intercoronary communications and no barium went across to the 
noncannulated artery In another experiment the heart was examined at the end of 
12 days At that time, there was no exudate on the heart or on the parietal pericardium 
The inflammatory reaction seemed to have subsided markedly In another experiment the 
parietal peiicardium was opened at the end of 24 days The inflammatory reaction had 
almost completely subsided The parietal pericardium was slightly thickened Theie 
were no adhesions and there w'as no fluid in the pericardial cavity The animal W'as 
killed at the end of foui months The heart and pericardium appeared normal 
The coronary arteries w'erc injected and good intei coronary’’ communications were 
demonstrated 

Sodium ncinoleate pioduces a leaction similai to that of sodium moi- 
ihuate A severe inflammatoiy leaction is pioduced eaily Later the inflam- 
mation subsides There is an early inciease m vascularity but it seems to 
subside as the inflammation subsides 

lodmcd and Chloi mated Oil— Iodized and chlorinated oil ("Todochoral,” Searle) W’as 
injected in three experiments in quantities of four cubic centimeters One animal died 
at the end of seven days Large quantities of fluid w’ere found in the pleural and 
pericardial cavities A severe cellular reaction w’as present m the pericardium There 
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was no evidence of intercoronary communications in the injected specimen In an- 
other experiment the pericardium was opened at the end of 19 days A few fine 
adhesions were found The inflammatory reaction was mild and almost absent The 
oil was saponified and appeared as placques m the epicardium At the end of three 
months the reaction had subsided and little or no fibrosis of the pericardium was 
present The coronaiy arteries were injected in this and also m the third specimen 
at the end of three months and good intercoronary communications were present in 
each specimen 

This substance produces an early, marked inflammatory reaction which 
has a tendency to subside after a few ^\eeks It seems to favor the develop- 
ment of intercoronarj'^ communications but the effect is too severe to be used 
m patients 

1 lagacanth — ^Tragacanth in doses of two Gm was used in three experiments 
Cardiac compression developed in two experiments One animal died in two days, the 
other died in IS days The latter was explored by operation the day before death 
At operation, fluid was found in the pericardial and pleural cavities The fluid was 
removed The parietal pericardium was thickened and densely adherent to the heart 
The adhesions did not bleed when broken Fluid rapidly reformed m the pericardial 
and pleural cavities and produced death the following day The third animal continued 
to live and was killed at the end of three months The parietal pericardium was thickened 
and was adherent to the heart The inflammatory reaction had subsided Fibrosis and 
some blood vessels were found in the pericardium The three hearts were injected ivith 
barium The animal that died m two days did not show any of the barium in the 
descending ramus of the left coronarj artery The other two specimens showed a 
moderate amount of the barium in this artery 

Tragacanth produces a severe exudative reaction and should not be used 

Talc — Magnesium silicate, Gm 3, was introduced into the pericardial cavity in 
three experiments An inflammatory reaction developed in a few days in the parietal 
pericardium and epicardium of these animals These tissues had a gelatinous exudate 
and were joined by fibrinous adhesions which were easily broken and from which there 
was no bleeding Later, the talc collected in localized areas which became walled-off 
Elsewhere the reaction was mild and the epicardium and parietal pericardium resembled 
the normal At the end of three months thick avascular scar tissue \vas found in the 
pericardium In one experiment scar tissue produced signs of cardiac compression In 
a series of ten additional experiments, three Gm of talc was introduced into the 
pericardial cavity and the animals were allowed to recover Two weeks after the 
talc was introduced, these animals were reoperated upon and the descending ramus of 
the left coronary artery was ligated at its origin Three of the animals recovered from 
this ligation and seven died 

On the basis of these experiments, it appears that talc did not exercise 
a beneficial effect when this artery was ligated These results were similai 
to those obtained following ligation of the descending ramus of the left 
coronary artery in control experiments They do not agree with the 
beneficial results reported by Thompson ^ 

Silicon — Two Gm of powdered silicon (Merck) was introduced into the peri- 
cardial cavity of three animals The early reaction consisted of inflammation and ad- 
hesions Later on, these adhesions did not seem to be well vascularized, and there was 
no bleeding when the adhesions were broken There was some thickening of the pen- 
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cardium All of the animals lived and were killed at the end of tliree months In two 
animals the coronary arteries were injected with barium as usual There was no 
eiidence of intercoronary communications in these specimens 

The reaction produced by silicon is not favorable 

Sand — Sand (!Merck), ten Gm was used m each of three experiments At the end 
of seven dajs adhesions were present between tlie parietal pericardium and epicardium 
These were easily broken without bleeding The surface of the heart was reddened 
and injected At the end of 21 days the inflammatory reaction was mild The sand had 
collected posteriorly at the base of the heart At the end of three months’ time a few 
adhesions were present The inflammatory reaction had subsided The parietal peri- 
cardium w'as thickened The coronal y arteries of two specimens were injected in the 
usual way at the end of three months One specimen showed good filling of the 
descending ramus of the left coronary artery and the other specimen did not show 
any barium in this arterj 

The reaction produced by sand is not favorable 

JVatcr Glass — ^Water glass, which is a solution of sodium silicate, w'as placed in 
the pericardial cavity in five animals The amount used varied from one to five cubic 
centimeters Death occurred in each experiment within two weeks The tissues that 
came into contact with the water glass appeared biowm, as though they had been burned 
There was much exudate in the pleural and pericardial cavities 

Water glass is a strong agent causing exudation and necrosis 

Agar — Agar in powdered form, in doses of three Gm , was used in four experi- 
ments Death occurred in each experiment i, 3, lo and ii days later from cardiac 
compression The pericardial caiitj' was filled with thick serosanguineons fluid Slight 
hiperemia of the parietal pericardium and epicardium w'as found Some fibrinous 
adhesions w’ere present The reaction in the pericardium and epicardium varied from 
a mild to a moderatelj se\ ere inflammation Fluid was found in the pleural cavities and 
also in the abdomen The right coronary artery and the circumflex ramus of the left 
coronarj'- arterj’' w’ere injected kloderate injection of the descending ramus of the left 
coronary’ artery was found in one specimen and no injection w’as found m the other 
three specimens 

The effect of agar is not favorable 

Cotton — Cotton gauze W’as used in foui experiments One layer of surgical gauze 
t\as placed between heart and pericardium An inflammatory reaction was found early. 
With adhesions which w’ere w’ell vascularized Later, these adhesions became dense 
and the inflammation subsided The vascularity w’as less at the end of three 
months but blood vessels w’ere found in the adjacent scar There was no for- 
mation of fluid m the pericardial cavitj’ The coronary arteries were injected 
in three specimens at the end of three to four weeks, and one specimen showed a slight 
amount of barium present in the descending ramus of the left coronary artery, and tw'o 
specimens showed no injection of barium m this artery 

A paste consisting of o 4 Gm of finely cut cotton and tw’O Gm of starch w’as 
introduced into the pericardial cavity in five animals Subsequent examination showed 
adhesions between the parietal pencaidium and the heart The adhesions were dense 
in those locations where cotton had collected between heart and pericardium Elsewhere 
the adhesions were easily broken The parietal pericardium show’ed shghtlj’ increased 
■vascularity The descending ramus of the left coronary artery was ligated and one 
animal survived and tw’O died The coronary’ arteries w’ere injected w’lth barium and 
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the intertoronary communications were good m two specimens, slight m one specimen 
and absent m two specimens 

Cotton produces a i datively mild inflammatoiy leaction early with the 
formation of blood vessels but latei the vascularity becomes less marked 
Cotton IS not particular!}'- effective m inci easing the vascularity in these 
structuies 

Alcuiouat — Aleuronat w'as mtioduced into the pcncaidial cavity in four experi- 
ments Three Gm was used m eacli One of tliese was examined at the end of eight 
days The parietal pericardium bled frceh when it cvas incised It w'as greatly thickened 
and show'cd fibroblasts and cellulai infiltration A large quantity of bloody fluid was 
present in the pericardial cavitj It clotted upon standing Theie was a deposit of 
fibrin upon the epical dium and*manj' adhesions were present This animal died at the 
end of 1/ days from acute cardiac compiession due to fluid in the pericardial cavitj 
The pleural cavitv also contained fluid The other three animals developed compression 
of the heart and died in lo, 24 and 30 dacs respectively In each of these, thick sero- 
sangumeous fluid was present m the pericaidial and pleural cavities and clear straw - 
coloied fluid in the abdomen The parietal pericardium and epicardium were thickened 
and w'ere avasculai There was a marked deposition of fibrin on the heart and there 
were many avascular adhesions to the heait The coronary arteries w'ere injected w'lth 
barium in these specimens and in none of them was there any evidence of intercoronarj 
communications 

Aleuronat pioduces a severe, exudative, inflammatory leaction Theie 
was an earl} met ease in vascularity in the parietal peiicarduim of one animal 
but in three heaits in wdnch the coionary aiteiies weie injected mtercoronary 
communications w'eie not found 

Liomte, Alemomt and Staicli — (Heinbeckcr and Barton)^ A mixture of lionite. 
aleuronat and staich w'as made 111 the proportions used by Hernbecker and Barton Eight 
to ten Gm of this mixture w'as placed in the pericardial cavitv in ten animals One 
cubic centimeter of sodium morrhuate w'as applied to the surface of the heart before 
this mixture w'as introduced These animals survived this procedure, and two months 
later the descending ramus of the left coionary arteiy was ligated at its origin Foui 
of these survived and six died This mortality rate is similai to that obtained in 
control experiments The deaths occuired w'lthm 24 hours after ligation Early death 
after ligation of this arterj^ occurred in noimal hearts and in those specimens in w'liich 
the preparation had provided little piotection to the heart The arteries in these 
SIX specimens were injected with barium and they show'ed mtercoronary communications 
to be of intermediate grade in tW'O, slight in twm, and absent in tw'o The four animals 
m w'hich recovery took place after the aiteiy was ligated w'ere killed several months 
latei Good intei coronal y intertonimunications w'ere found in each specimen Arterial 
ligation IS an effective stimulus in producing these communications The infarct 111 
these specimens w'as laige in thiec and intermediate in size in one It is to be noted 
that the size of the infarcts also indicated that the protection afforded to the heart was 
not great In other w'ords, the blood-bath to the ischemic myocardium w'as not 
sufficient to prevent the usual necrosis and replacement of scar tissue Cardiac com- 
pression developed m one of these experiments after the arterv was ligated The com- 
pression scar was removed and the condition was cured 

Nine additional experiments were undertaken using the Heinbecker-Barton mixture 
One cubic centimeter of sodium morrhuate w'as applied to the surface of the heart and 
eight to ten grams of the liomte-aleuronat-starch mixtuie was introduced Four of these 
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animals died of cardiac compression m ii daj^s to siv \Yeeks attei this mateiial was 
placed m the pericardial caMty One died of distemper two w'eeks later Four animaU 
remained ali\ e in this series and tin cc of them developed cai diac compression The com- 
pression scars w ei e rcmo\ ed by opci ation, and all tin ec recovered These animals were killed 
seieral weeks latei The specimens of the entire group weie studied for intei coronary 
communications Three specimens showed no evidence of intercoronary communications , 
tw'o showed slight filling ot the descending ramus of the left coronary artery and four 
showed intermediate filling of the artei\ Good communications w^ere not tound m an> 
of these specimen'' 

Jilicroscopic stud\ could not he made because of the hointc A seveic niflanimatoiy 
reaction with exudation was produced b\ these inflammatoiy agents Iheic was a 
meat tendenc\ for caidiac compiession to dc\clop following the use of these substances 
The lionitc had a tendency to collect in masses posteiiorh to the heart 

These siibslances, accoiding to oiii studies, aie not eftective in pioducing 
intercoronary communications, and the leaction is seteie Oiii lesults are 
not as favorable as were those obtained b}' Hembeckei and Baiton 

Huwau Shut — Three Gm of diied, stciilized human skin, cut into small piece-, 
was placed in the pericardial cacitj in thiee experiments Death occurred in 2, 9 and 10 
dajs The pericardial cavity contained large quantities of exudate which had tht 
appearance of pus The cpicardium was coiered with a deposit of fibrin The 
parietal pericardium was sec oral times its normal thickness and, in one specimen, theie 
were numerous blood ^cssels The inflammation in the pericaidium was severe The 
coronan^ arteries weie injected with barium One specimen show'ed good filling oi the 
descending ramus of the left coronary aitciy, one show'ed slight filling and one 
showed no filling of this artcr\ 

Skin had a seveie exudative leactiou and is not satisfactory 

HcuibccKci -Bai ton ]\Itxlu>c Sodium Moiihuate and Human SLui — Eleven experi- 
ments were made in which eight Gm of Hembecker-Barton mixtnie, i ce sodium 
niorrhuate, and one Gm human skin weic introduced into the pericaidial cavitj Death 
occurred m tw^o of these animals from compression, death occuried m three from 
distemper, six were killed after four months The coronary arteries were injected 
wnth barium in the specimens’ and the communications w'ere giaded as absent in foui, 
intermediate in three, and good in three It appeared that there was an increase m 
intercoronarv channels in these experiments 

We believe it is advisable to deteinune what single substance pioduees 
the most tavoiable leaction and not to use many diffeieut substances at 
one time 

Asbestos (calcium and magnesium silicate) — Thiec Gm of calcium and mag- 
nesium silicate, in the form of asbestos, was placed in the peiieaidial cavity 111 three 
experiments At the end of one week the paiietal pericardium w^as slightly thickti 
than normal and was w'cll vascularized Busk bleeding occurred when it was cut 
It w as adherent to the heai t and the adhesions bled when they w'ere broken A few' 
cubic centimeters of fluid was present in the pericardial space The surface of the heart 
appeared to be hjperemic Marked cellular infiltration was present at the end of one 
week The cellular reaction subsided later, and many arterioles and capillaries were 
formed at the end of tW'o w'ceks (Figs i and 2) The epicardium lost its identitj and 
fhe inflammatory process was m direct continuity wnth muscle fibers The mediastinal 
tissues and fat showed increased vascularity These tissues bled when cut When the 
lung became adherent to the outci surface of the parietal pericardium the surfaces bled 
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freely when separated At the end of four months the sections showed an increased 
number of blood vessels and also some scar tissue The cellular reaction had generally 
subsided at that time, and foreign body giant cells were present The coronary arteries 
were injected with barium at the end of three to four months The filling of the descending 
ramus of the left coronary artery was good in two specimens and was slight in one 
specimen 


Many additional experiments were carried out with this form of silicate (asbestos) 
It was found that the amount of asbestos that produced the most favorable reaction 
was about o i or o 2 Gm Large amounts occasionally produced a subepicardial hema- 
toma In one experiment a walled-off collection of fluid between parietal pericardium 
and heart produced compression of the heart Thick dense epicardial scars were pro- 





Fig I — Photomicrograph of visceral and parietal pericardium showing foreign 
body reaction produced by silicate Blood vessels are shown (x 94) 

duced bj’’ large quantities of asbestos In several experiments fluid was found in the 
pleural cavities When the coronary arteries were injected with barium intercoronary 
communications were present in every specimen 

Nine experiments were carried out in which about 05 Gm of silicate in the form 
of asbestos was used These experiments were allowed to proceed for a period of two 
weeks At the end of this period operation was carried out and the descending ramus 
of the left coronary artery was ligated at its origin Six of these animals survived 
ligation of this artery , three died The coronary arteries of these three specimens were 
injected with barium and good intercoronary communications were found in two of the 
specimens The six animals that survived the operation were killed several months 
later and the size of the infarcts noted In one of these specimens there was no infarct , 
in three specimens the infarct was small, and m the remaining two specimens the infarct 
was classified as intermediate in size There were no large infarcts 

In our expel lence, the mortality following ligation of the descending ramus of the 
left coronary artery at its origin in normal animals was 35 out of 50 experiments, or 
70 per cent In these nine experiments treated with asbestos, six animals survived a 
second operation at which this artery was ligated, a mortality of 33 per cent We 
interpret this as a reduction in mortality We can also state that the infarct was of 
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smaller size in the experiments m which asbestos had been used For a discussion 
of mortality and size of infarct m So normal hearts in which the descending ramus of 
the left coronary artery was ligated at its origin, the reader is referred to the article 
by Stanton, Schildt and Beck^ 

Another series of ten experiments was carried out in which the surface of the heart 
was rubbed by a bur in such a way that the epicardium was torn and some of it was 
removed m shreds In these experiments 50 to 100 milligrams of asbestos was rubbed 
into the surface of the heart by a bur These anunals survived this procedure Most 
of them showed an elevation m temperature of about one degree centigrade for a week 
or ten dajs A compression scar did not deielop m any animal One week later the 



Fig 2 — Photomicrograph shoiiing arteries and veins produced by silicate on sur- 
face of heart (X297) 


animals were operated upon again and the descending ramus of the left coronary 
artery was ligated at its origin Seven of these animals survived ligation and three 
died, a mortality of 30 per cent One of these died a few minutes after the artery 
was ligated and the injection specimen showed good intercoronary communications Two 
died within 24 hours after ligation of the artery The seven animals that survived ligation 
of the artery were killed at the end of six weeks Two of these showed focal aieas 
of myocardial fibrosis and no gross infarct, two had infarcts of intermediate size, and 
three had large infarcts Each of these specimens showed good intercoronary com- 
munications The common arterial bed in these specimens was produced by the inflamma- 
tory reaction produced by abrasion and by the asbestos plus the delayed stimulus of 
the arterial ligation itself 

A paste consisting of o 2 Gm of asbestos and a small amount of tragacanth was 
placed m the pericardial cavity in six animals One of these died one month later 
and examination showed fluid in the pleural cavities Ligation of the descending ramus 
of the left coronarji artery was carried out in four experiments Two of these animals 
recovered and two died Injection of the arteries with barium in these four hearts 
showed good mtercoronary communications in the two specimens where recoverj 
occurred, slight filling in another and no filling in another 

The effect of a paste made of tragacanth and asbestos was not as good 
as that with the powdered asbestos alone 
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Discussion — On the basis of these expeiiments it appears that silicate 
in the form of powdered asbestos piodticed the most favoiable reaction The 
inflammatory piocess hi ought about by asbestos ^^as well vascularized 
Amounts of about 02 Gm distiibuted over the entiie surface of the heart 
pioduced a moie favoiable reaction than did a largei quantity It is slightly 
exudative in its eftect but this is not severe and it does not preclude its 
use when employed in small quantities It does not produce compression 
of the heait due to the formation of scar tissue The inflammatory effect 
jieisists ovei a peiiod of several months We have used it on human patients 
and the eftect v^as satisfactoiy The wound 111 the chest wall healed nicely in 
these cases Measurements of the beneficial effect aie indicated by data 
obtained by ligation of the descending ramus of the left coronary aitery at 
its oiigm Moitahty m 50 normal animals following ligation of this artery 
\vas 68 per cent Moitalit}'' in animals m which asbestos had been applied 
to the surface of the heart pievious to ligation was 32 per cent (six out 
of 19 animals) The size of the infarcts m the latter group w^as smallei 
than m the control group Indeed, m a few’^ of the specimens tieated by 
asbestos there was no mfaict aftei the descending ramus of the left coronary 
arteiy was ligated In the control group a definite mfaict ahva)’^s developed 
aftei ligation of the artei} Also mtercoionaiy communications were better 
developed m the specimens in w'hich asbestos had been used as compared 
with the mtercoronaiy channels found in normal heails 

Some of the substances used m the expeiiments produced death This 
was brought about by exudation of fluid or by the development of com- 
pression scars Some of the substances pioduced little or no reactions, 
others produced a rather indifferent degree of vascularization , others pro- 
duced good vascularization early but after several wrecks the degree of 
vascularization became less marked It seems to be desirable to use one 
substances lathei than a combination of substances It needs scaicely be 
stated that one should not be mdisciimmate m what substance is placed in 
the pencaidial cavity and also m the amount used 

Hembecker and Baiton earned out expeiiments m which a mixture of 
gelatin, aleuionat, staich, glyceim, watei and lionite w^as introduced into 
the pericardial cavity In some experiments these aiithois also used sodium 
morrhuate After these substances w^eie mtioduced the pericardium was 
closed and then the pericardium w'as sutured to the restiosternal tissues 
Foul teen animals weie piepaied 111 this maimei Four to 12 w^eeks latei, 
these animals were again opeiated upon and the descending lamus and the 
ciicumflex lamus of the left coionary aitery weie ligated about one centi- 
meter from the aorta Eight of the 14 animals died and six survived Infarcts 
w'^ere not found m these specimens 

We cairied out expeiiments m which we tiied to lepeat this procedure 
We w^ere not able to get anv animals to siiivive ligation of both of these 
arteries m one step According to our studies the icaction produced by these 
n ritants w^as not as satisfactori^ as that produced bv pow'dered asbestos This 
mixture of substances produced death m some of our experiments by the 
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lormatioii ol fluid The tissues, as lound in oui expeiiments. weie not as 
iichl} vasculaiized as ^^e found aftei the use of asbestos 

O’Shaughness} lepoited favoiable lesults by the use of aleuronat We 
lound that aleuionat pioduced a seveie exudative leaction, with an earh 
increase in vasculaiit} but latei, no increase ni vasculaiit} vas found 
Thompson lepoited iavoialih on the use of talc Oin expeiiments failed 
to confirm his highl} beneficial lesults ]t is mteiestmg to note the difteient 
leactions pioduced bv vaiious silicates Talc is a soft, unctuous mmeial 
consisting of magnesium silicate Asbestos is fibrous magnesium and calcium 
silicate Water glass is a solution of sodium silicate Silicon is the element 
Kaolin, which is hydrated silicate, nas absoibed and was found in lymph 
nodes It produced no local leaction 

CONCLUSIONS 

The application of asbestos to the surface of the heait bungs about the 
development of new communications between one coionaiy artery and 
another 

It reduces the mortality following ligation of a coionaiy arter}’- 
It reduces tlie size of the infarct that develops after a coionary arteiy has 
been ligated 

The application of asbestos to the suiface of the heait is a safe suigical 
procedure in animals, piovided a dosage of about oi to o 2 Gm be used 
rather than larger doses 

Inflammatory agents used on the heait may not be without harmful side- 
eftects, and they should not be used indisci immately 
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STAB WOUND OF THE HEAHT 

CASE REPORT OF SUCCESSFUL SUTURE 

John P Bruckner, M D 
Nfw York, N Y 

FROM TIIC SORGICAI SrRVICE OF 11 VRI EM HOSPITAL CLARENCE P HOWIEY, MD, DIRECTOR NEW YORK, N ^ 

The rREQUENC\ of occurrence of stab wound of the heart at Harlem 
Hospital IS levealed m the following tabulation of the number of admissions 
for this condition found m each 12 months of the five-year period from 
January i, 1938, to August i, 1942 Theie were 28 such cases recorded, 
five being admitted in 1938, ten m 1939, five m 1940, six in 1941, and 
two m 1942 Twenty-one of the total number of admissions were operated 
upon, and nine recovered Seven died within one houi after admission 
and seven died during opeiation Three of the above nine recoveries have 
been previously reported, two by one suigeon,”’ and one by another- The 
remainder were operated upon by foui other surgeons ^ 

So mail}' operative successes can be attiibuted, in pait, to the nature 
and extent of the injuiy to the heart and to the nature and extent of associated 
injuries Othei factors 111 this respect are the immediate recognition of 
the gravity of the injury and the necessity for early opeiative intervention 
We have come to lecognize the fact that extensive and serious damage to 
underlying structures all too frequently accompany the small surface lacera- 
tion presenting an innocent appeal ance Hence, a policy of exhaustive work- 
up and close clinical observation has been adopted in each case until the 
extent of the injury has been determined and the danger of mistaken 
diagnosis is eliminated 

Factors of importance m operative technic and in postoperative care, 
Avhich directly influence success or failure, are the chief concern of the 
surgeon They include the type of anesthesia, the kind and site of the 
incision for the approach to the pericardium, the management of the heart 
and mediastinum during the procedure, the closure of the incision and the 
indications for drainage, the close attention during the postoperative period 
to prevention of tension in the pleural cavity from fluid and from air, and 
the prevention of cardiac compression from fluid allowed to accumulate in 
the pericardial sac under tension 

The appended case report is that of the last patient in the above series 

Case Report — A well-nourished white male, age 25, was admitted to Harlem 
Hospital by ambulance, June 20, 1942, at 12 10 am, having been stabbed m the chest 
during a holdup one hour previously When first examined the patient ivas in shock, 
cold and clammy Actively flowing dark red blood was issuing from a three-quarter- 
inch stab wound in the left chest m the sixth interspace at the outer border of the 
sternum The patient was conscious, oriented, exceedingly pale, with a blood pressure 
of 60/40, and a fluttering pulse barely discernible at the wrist A diagnosis of stab 
wound of the heart was made and the patient prepared for immediate operation A 

46 



\olume IIS 
Number 1 


WOUND OF HEART 


roentgenogram of the chest was taken on the way to the operating room, and an 
intravenous infusion of glucose 5% m saline 1000 cc was started No other medication 
was gi\en at this time It is estimated that the operation was started approximately 
four and one-half hours after the injury 

Opciation — ^Under ether anesthesia, a vertical incision was made over the left 
border of the distal two-thirds of the sternum dovm to the bone A four-inch incision 
at right angles to tins and extending out^\fard over the fifth nb was then made, and 
about two inches of the fifth and sixth ribs were removed subperiosteally, together with 
tlieir cartilages and a small portion of the outer border of tlie sternum The pleural 
cavity was accidentally opened dm mg this piocedure The collapsed and loosely-flapping 
lung was immediatelj’- giasped with a ring clamp, which was then allowed to hang 
o\er the edge of the wound This procedure has been found desirable for combating 
the immediate effects of open pneumothorax The pericardium was then opened 
■\ert1call3 and several large blood clots were removed from the pericardial sac Dark 
red blood spurted from the right ventricle with each systole and rapidly filled tlie 
pericardial sac The bleeding points in the heart were seen to result from a through- 
and-through laceration of the right ventricle, i e , through the anterior wall into the 
chamber and out through the posterior wall , proceeding through the dome of the dia- 
phragm at the base of the pericardial sac and, presumablj’-, into the liver The lacera- 
tions of the anterior and posterior walls measured approximately one centimeter m 
length The crazily fluttering heart was grasped in the hand and steadied with a 
fixation suture of catgut through the apex of the heart The wound m the anterior 
wall of tlie right ventricle was closed with interrupted No o chromic catgut The 
wound in the posterior wall of the right ventricle was closed with the same type of 
suture m a similar manner Active bleeding from the wound m the diaphragm was 
controlled with interrupted sutures of No 2 plain catgut When the fixation catgut 
suture was removed from the apex of the heart muscle, blood spurted through the 
opening with each systole, making it necessary to apply several interrupted catgut sutures 
of No 0 chromic through the myocardium to effect complete hemostasis The pleural 
cavity was then aspirated of all free blood and blood clots, and a stab wound was made 
through the seventh interspace m the midaxillary line for the purpose of drainage A 
fenestrated one quarter-inch rubber tube was passed through the stab wound to the 
costophrenic angle posteriorly, and was fastened m place by a silk suture to the skin, 
through a rubber cuff A fixation suture of catgut through the margin of the lung 
at the interlobar fissure and to the parietal pleura at the line of the incision anchored 
the latter and aided in stabilizing the mediastinum The tiansverse incision was then 
closed with No 2 chromic catgut through the parietal pleura, muscle and deep fascia 
The pericardial sac was left open to dram into the pleural sac, and was not flushed 
with saline 4 The vertical incision was then closed with continuous catgut, so that the 
pleural cavity was rendered air-tight Because of the proximity of the stab wound 
to the incisions, the wound was filled with sulfathiazole and the skin was not sutured 
At the end of the operation the condition of the patient seemed good, except for fluid 
loss Two hundred cubic centimeters of blood plasma from the blood bank was 
administered during operation, immediately followed by 800 cc of physiologic saline 
Immediately postoperative the patient was placed in an oxygen tent Arrangements 
had been made during this time for cross matching with a professional donor, so that 
within one hour after operation the patient was receiving a citrated whole blood 
transfusion 

Postopei afive Cowse — During the postoperative period the patient was given suf- 
ficient sedation, at regular intervals, to overcome restlessness, excitation, and pain, so 
that he appeared comfortable at all times ^ The thoracotomy tube was attached to a 
Cassasa^ bottle for underwater drainage, and tested at frequent intervals for patency ^ 
The thoracotomy tube was removed on the fourth day, and the wound healed completely 
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two weeks lalei Iwcivt liours aftei operation a blood trinsfusion of 500 cc w’as 
administered, and fluid balance maintained by continuous drip infusion of 5% glucose 
in physiologic saline Chemotherapy by mouth w'as not employed, the temperature 
langing from 100° to 102° F until the fourteenth postoperative day, w'hen it receded to 
99° F, then fluctuated to 101° F until the twenty-first day, after which it remained 
noi mal The patient vas kept in the oxygen tent foi appi oximateh tw'o w'eeks Roent- 
genogiams of the dust on the eighth postoperative da\ show'cd clouding at the left base 
riu tiaehca had shifted to the right An clectiocaidiograin, taken 12 days after opeia- 
tion, show'cd Auiiculai late 95, Ventneulai late 9s Li-R T elevated, Q present, L- 
li T depiessed P-R inteival o j6 seconds. Q R S interval 008 seconds Elevation 
of the R T segments denotes eaily change following pericardial injury 

The left lung filled out rapidl}', and respirations became deeper About three 
w^eeks after operation thoracentesis of the left chest posteriorly jielded 55 cc of sero- 
sanguineous fluid The patient w'as allowed out of bed 30 dajs after operation, and 
was discharged on the thirty-fourth day When last examined December 20, 1942, 
he was apparently quite w'ell 

Comment — A choice of incision for transthoracic approach to the peri- 
cardium and heait is based upon (i) The rapidity and ease of adequate 
expostiie for 11b resection and exposuie of the pericardium and heart (2) 
The rapidity and effectiveness of air-tight clostiie For this purpose a 
vertical incision dowiiwaid at the lateial boidei of the sternum, then curved 
outward over the fifth 1 ili, permits easy access for removal of the fourth and 
fifth ribs, as well as the foimation of a skin flap that peimits air-tight closure 
at the end of the opeiation ■* The T-shaped incision employed in this instance 
necessitates the raising of two flaps outward to expose the ribs but permits 
a greater exposure of the peiicardium and heart wnth better visualization 
of the base of the pericardium and dome of the diaphragm beneath Its 
cosmetic after-appeaiance compares less favorably 

This experience of passing a suture through the apex of the heart foi 
stabilization demonstrates such a jjioceduie to be unnecessar}'^ and harmful 
The edges of the laceration in the myocardium can be bi ought togethei ef- 
fectively to accomplish suitable closiiie if they aie appioximated with Allis’ 
clamps, piovided the lattei aie held gently and wathout ti action Such a 
piocedtiie will avoid the necessity of closing the punctuie w'^ound made by a 
fixation sutuie through the inyocaidium The edges of the incised peri- 
cardium w'ere not sutuied Bleeding fiom these edges appeared insufficient 
to wail ant the added proceduie of sutuiing for control of possible henioiihage 
aftei the blood piessuie has iisen Complete and thoiough lemoval of all 
blood clots and fiee fluid blood fiom both the peiicardial and pleuial sacs b) 
suction is essential to low^ered moibidity The pericardial sac must be left 
open for diamage into the pleuial sac so that collection of pericardial fluid 
to the point of incurring dangei of cardiac compression, wnth its fatal sequence, 
wnll be pi evented The amount of drainage fiom the pleural cavity for the 
first few^ days postoperatively is sufficient to w^airant the loutme use of the 
thoracotomi tulie thiouqh a separate stab w'ound in the axilla Aspiration 
of accumulated fluid and contiol of tension pneumothoiax leqinres careful 
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attention to then ocanieiKe, so that immediate lelief tan he obtained b\ 
thoracentesis 

It appeals essential, iK)st()]ieiati\el} , to maintain as tomplete lelaxation 
and comfoit of the patient as possible and to piovide sufficient fiee oxygen 
to oftset the loss sustained b\ leason of the collapsed left lung ^ Ihe need 
for OX} gen admmistiation dcci eases as the collapsed lung expands and suf- 
ficient time has elapsed foi the nnocaiduim to heal Stabili/ation of the 
mediastinum in the piesence oi sudden pneumothoiax is easily accomplished 
by grasping the lung maigm \\ith a img clamp * This is then allo\Ned to 
hang ovei the edge of the uound while the opeiation is in piogiess and, when 
completed, the two lobes of the lung aie fixed to each othei and then to the 
parietal pleuia In sutuie 

Fluid loss must be oAeicome In immediate administiation of plasma, 
whole blood transfusion oi ph}siologic saline admmistiated parenterally, as 
soon as the bleeding points aie conti oiled 

Fine chromic catgut foi siituimg the myocaidium appears to be as ef- 
fective as silk and olniates the mtioduction ot nonabsoibable matenal 

Allow mg the skin edges to remain open and suffusing the tissues w ith sul- 
fonamide compounds appears unnecessaiy Expeiience wuth immediate closuu 
has demonstrated that the wound heals pci piunain 
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THE SURGICAL MANAGEMENT OF SOLITARY CYSTS, OR CYST- 
LIKE STRUCTURES, OF PULMONARY ORIGIN 

M Dawson Ti^son, M D 

HAXO-vrn, Nrw Hampshiki 

I ROM THE MAR\ HITCHCOCK MEMORIAL IIOSPITAI HANOVER, MW HAMI SHIRE 

The terminology dealing with cyst-like structuies of the lung is very 
much confused and the etiology of this condition, particularly as to whether 
congenital or acquiied, has been under considerable controveisy It is ovi 
purpose to present six cases that have come under our observation because 
of certain accidents which occurred due to the presence of a cyst-hke struc- 
ture m the lung, or derived from lung tissue, and to discuss the surgical 
measures which were employed in dealing with these complications In 
some instances the congenital nature of the cyst was obvious, in others it vos 
open to question, and here the controversial nature of the lesion is discussed 
One additional case is mentioned where a pulmonary cvst was present which 
has never given rise to symptoms 

The first account of a case of pulmonary cystic disease m the American 
literature was an autopsy study made by Koontz,^ in 1925 This author 
collected 108 cases from other countries The next year. Miller- reported 
the clinical course of an infant who died of a ruptured pulmonary cyst 
Since this time there have been many papers dealing with all aspects of 
this abnormality, the most complete account of the whole subject being 
the monograph of Se lors,® published in 1938, based on a study of 32 cases 
This author collected over 400 cases in the literature including both solitary 
and multiple varieties He points out that this figure is an entirely inade- 
quate expression of the incidence of the disease and that, though uncommon, 
pulmonary cysts are certainly not a “medical curiosity ” 

Solitary cysts of pulmonary origin usually present themselves for treat- 
ment because of some accident to the cyst, such as infection or alteration 
of the mechanical air-exchange through a connecting bronchus Both of 
these accidents ma}'- be further complicated by rupture Quite frequently 
the fact that a cyst, or cyst-hke structure, underlies the pulmonary disease 
is not at first recognized due to the fact that empyema, tension pneumothorax 
or a combination of the two masks its presence Not infrequently a mistaken 
diagnosis of lung abscess is made wdien a solitary cyst becomes infected In 
these cases, as pointed out by Sellors,^ the final differentiation rests with 
the pathologist Once the underlying condition has been made clear, removal 
of the cyst, the cyst-bearing lobe, or an entire lung may be required properly 
to deal with the condition Before this can be accomplished, however, it 
may be necessary to treat an empyema or “lung abscess” until the infection 
has been cleared up 

All of the six cases to be reported came for treatment because of some 
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accident to the c}st It is iiiteiesting to note that in only three of the cases 
^^as a positive diagnosis of cyst made when the case was first seen There 
were nearly as many types of complications as theie were cases These 
complications were Infection of the C3^st without rupture, infection of the 
cyst with rupture and the formation of pyopneumothorax, progiessive expan- 
sion of the cyst after the subsidence of infection , rupture of the cyst without 
infection but \Mth the piesence of a ball-valve and the formation of a tension 
pneumothoiax, and rupture of the cyst with the discharge of steiile flmd into 
the pleural cavity 






Fig I — Case i Appearance of chest on admission The c>stic caMt\ 
contains fluid and residual hpiodol 


CASE REPORTS 

Case i.^ — ^The first case* is that of a female, age i8, who was admitted to the 
Mary Hitchcock Memorial Hospital in January, 1937, with a history of having had 
several attacks of pneumonia m infancy, each one leaving her with increased cough, 
so that since the last attack of pneumonia, at the age of 12, she had raised from 100 
to 150 cc a day of yellow, foul sputum There was also occasional hemoptysis Shortly 
before admission, a routine roentgenogram taken at the patient’s school revealed 
a lesion of the light lung She was then sent to a neighboring tuberculosis sanatorium 
where hpiodol bronchograms were taken Following this the patient became acute!} 
ill with increased cough, fever and sweating She lost considerable weight and for 
some days before admission had been unable to he flat m bed because of aggravation 
of her cough in this position 

A roentgenogram of the chest taken on admission is shown in Figure i This 
demonstrates that the cystic cavity is half filled with fluid and in the bottom tliere is 


* Previously reported in the New England Jour of Med, 222, 579-584, I940 
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a small amount of residual hpiodol Aftei nine daj'S of postural drainage, loentgenograins 
showed complete emptying of the cystic cavity (Fig 2) 

In view of the large sire of the C3st and the long duration of the liistou^ it was 
thought likely that it was of congenital origin and was probablj lined vith epithelium 
Therefore, drainage, cither bv open thoracotomv 01 eatlietei, was thought out of the 
question, and either enucleation of the cyst or lobectomy vas considered the treatment 
of choice Theiefore, on February 16, 1937 exploiatory thoracotomy was performed, 
and it was found that the cyst was so deeplv embedded 111 tlic uppei lobe that it wis 
necessary to remove the lobe m order to get rid of the cyst Due to dense adliesions 



Fig 2 — Cise i L^ter^l i lew after a short term of postural drainage 

in the lower part of the chest the presence or absence of a middle lobe was not proven, 
though It was observed that the cyst had a single bronchial communication arising from 
the upper lobe bronchus as a separate branch The cyst was opened during the process 
of removal and, in spite of this, the chest was closed without drainage 

Following operation the patient developed a pure hemolvtic streptococcic empyema, and, 
on February 23, 1937, treatment was begun with “red prontosil," given intramuscularli 
and directly into the empyema cavity In five days the cultures were sterile from the 
pleural cavity and medication was discontinued The temperature immediately returned 
to normal after^ discontinuance of the prontosil, and the patient made an uneventful 
recovery The gross specimen is shown in Figure 3 

On examination, the cyst contained all the structures of a bronchus, since its lining 
consisted of flattened bronchial epithelium and the wall itself contained cartilage The 
lung tissue sunounding the evst showed no changes except for an increase in interstitial 
tissue in some areas 
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The lower lobes failed to overexpand sufficiently to occupy the space left by removal 
of the upper lobe, and one jeai latei the patient enteied the hospital with a return 
of empyema in this space This time there was a mixtuie of organisms and there 
was subcutaneous emplnscma undei the tissues of the back due to a bronchial fistula 
The cavity w'as drained through the old incision, resulting m prompt recovery from 
the empyema, and then a posterior thoracoplasty, removing segments of the first five 
libs, W'as performed in one stage This resulted in complete recovery The patient 
has no cough or sputum has since been married and has been delivered of a healthy 
babj' w'lthout ill effects 



Fig 3 — Case i Specimen renlo^ed at operation consisting of 
the right upper lobe and cyst 


SuMiMARY A six-)'ear follow'-up has been obtained on this case following 
light uppei lobectomy for an infected cyst, the congenital nature of which 
can hardly be questioned There w'as failure of the other lobes to over- 
expand and fill the upper lobe space , and, one year after lobectomy, a 
bronchopleural fistula and a mixed empyema developed in this space These 
complications w'ere successfully treated by intercostal drainage and upper 
thoracoplasty It is notewoith} that this patient had had pulmonan s\inp- 
toms since childhood 
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Case 2 — The second case* was almost identical to the first This patient was a 
college boy, age i8, who was first seen in October, 1938 He was known to have 
had a lung cyst since the age of 13 This was discovered in a routine roentgenogram 
at school in 191^ (Fig 4t) Subsequent films were secured at intervals one of which, 
taken in 1937 (Fig 5), shows the cyst to be empty at that time The cyst was said 
to have disappeared at the age of 17 He, however, always had a chronic productive 
cough which was aggravated by exertion Two years prior to entering college he had 
an attack of pleurisy which kept him m bed a week He never had hemoptysis 



Fig 4 — Case 2 Appearance of the lungs in 1933, uhen the patient aias 
13 years old 


When the boj entered college a loutine 1 oentgeiiogi am of the ehest was taken 
showing a large thin-walled, sharply defined cavity in the anteromedial portion of 
the right lung (Fig 6) The cyst at this time showed a fluid level He seemed some- 
what under pai physically, and w-as easily fatigued In view of these facts, togethei 
with the hazard of harboring such a potentially dangerous lesion, operation w'as 
advised As his home was in Boston, he was referred to Dr Churchill of the Massa- 
chusetts General Hospital 

* Dr Edward D Churchill, of Boston, kindly supplied some of the photographs 
and clinical data on this case 

t We are indebted to the Massachusetts Department of Public Health for the roent- 
genograms lepioduced in Figuics 4 and 5 
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He entered the Massachusetts General Hospital, June 26, 1939, where examination 
of the sputum was negative for tubercule bacilli and Beta hemolytic streptococci Opera- 
tion was performed, June 29, 1939, and Dr Churchill was able to dissect the cyst free 
from the upper lobe without damaging the lobe (Fig 7) The patient’s postoperative 
course was complicated by the presence of an empyema which required rib resection, 
but after this his condition rapidly picked up and he was able to finish his college 
course successfullj 

The clinical findings here are compatible with the diagnosis of congenital lung cyst, 
though the details of the pathologic examination are not at hand 



when the patient was 17 years old 


Summary A three and one-half-year postoperative follow-up of this 
case has been obtained The patient had a congenital cyst of the right upper 
lobe with chronic infection and recurrent episodes of acute infection He 
made a complete recovery after enucleation of the cyst and subsequent rib 
resection A lung cyst was demonstrated in this case roentgenologically, six 
years before operation Intermittent pulmonary symptoms had existed 
since childhood 

Case 3 — ^This case represents rupture of a cyst causing p3''opneumothorax, whicli 
occurred in a baby, age three months, who was admitted to the Mary Hitchcock Me- 
morial Hospital for the first time in April, 1941 The baby was very well until ten 
days prior to admission, at which time she had what was considered to be a gastro- 
intestinal upset, characterized by anorexia, constipation and distension of the abdomen 
This cleared up after two or three da\s but she began to cough and a low -grade 
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fevti was picsent One day bcfoic admission slic began to have paroxjsinal attacks 
of gasping lespiration ''Ihcsc attacks wcic iclicvcd somewhat by propping the babj 
up on a pillow On the daj of admission there was the sudden onset of gasping 
lespiration, worse than before, and piogiessive She was rushed to the hospital 
in extievus, gasping for bieath and cj'anotic A roentgenogram taken immediately is 
shown in Figuie 8 It was thought that a spontaneous tension pneumothorax was 
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Fig G — Cave 2 A lateral new just before operation in 1939 


present, of unknown etiology, though it is interesting to note the clear area over the 
spine at the base of the right lung field At once, a needle was inserted 111 the 
right pleural cavity and connected with a pneumothorax machine The pressure 
was so great that the water was forced out of the monometei and no accurate measure- 
ment could be taken Aspiration of the air was commenced then by syiinge, and 
after considerable amounts had been lemovcd the patient’s condition improved Further 
aspiiation at this time resulted in the withdrawal of thick pus from the light pleural 
cavity which, on culture, was found to contain pure Staphylococcus am cits The patient’s 
condition was improved by the immediate emergency tieatment Another roentgenogram 
immediately after the fust tap is shown in Figure 9, and demonstrates two definite 
air pockets A transfusion was administered because of a rather severe anemia and 
sulfathiazole was begun 

Several subsequent chest taps -were made, which resulted in the withdrawal of 
thick pus, which alwajs showed a cultuie of Staphylococcus aureus A later roent- 
genogram (Fig 10) demonstrated a definite pjopneumothorax , and as this condition 
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was graduaih iciiticd the cystic shadow in the tight niidlung fields pcisistcd Attei 
three weeks it was no loiigci possible to aspiiatc pus from the plcuial cavity and loent- 
genograms failed to show the picscncc of anj lesidual empyema 

Tlie patient continued to haie icspiiations w'liich weie ahvajs above so pei 
minute, and usualh weie aiound 6o occasionalh going up as high as 8o or 90 
Expansion of the exst (Fig n) was noted with alaini, since it w^as thought that 
anothei rupture might occur at ain time On one occasion the cyst was aspirated with 
a needle and sxrnige and it was found that air was under considerable piessure within 
the ejst Following aspiiation the c\st was diminished in sire, but in 24 hours had 
increased to its picxious dimensions 
In Mew of the continued clexation 
of resnirations and the piogiessnc ex- 
pansion of the c\st, it was decided to 
operate upon the patient, w ith a x lexx 
to renioxing the exst An cxploratoix 
thoracotomx xxas performed, lulx 
1941, xxhen the babx was six months 
old It xxas found that the exst xxas an 
extremelx thm-w ailed one, situated be- 
tween the middle and loxxer lobes, and 
denselx adherent to both It xxas im- 
possible to renioxe the exst intact be- 
cause of the thinness of its walls and 
the denseness of the adhesions to the 
surrounding normal lung It xxas dis- 
sected free piecemeal, and a definite 
bronchial conmiunication xvas obserxed 
at the hilum Two silk ligatures xxert 
placed around the neck of the exst 
close to the hihim and the exst was tut 
axxay There xxas practicallx no cxi- 
dence of the prexious cmpxcma ex- 
cept for axascular adhesions binding 
the upper and middle lobes to tht 
chest xxall, m xxhich xvas an occasional 
bit of yellow', grumous material A 
Pezzar catheter xx'as placed m the pleu- 
ral cavity Immediately upon return- 
ing the patient to bed, this xvas con- Fig 7— Case The surgical specimen nas 

j i * reniorcd by Di Churchill, rMthout damage to the 

nected with a constant suction ap- ^ 

paratus Foi the first two or three 

hours there xx'as difficult}' in xvithdraxx'ing an fast enough bx this means appaientl}' due 
to a leak through the incision in the chest xx'all This sealed off, hoxxever, and iiom 
here on the patient’s conx alescenec xvas onl} complicated by slight difficulty in mamtain- 
ing the normal chemical balance for the first xx'eek postoperatix'ely 

This undoubtedly represents a congenital cyst The age of the patient xx'ould faxot 
this diagnosis together xx'fth the dcmonsti ation at operation of a definite bronchial 
communication Microscopically, the pieces of cyst submitted for examination rexealed 
small areas of cartilage in the xx'all and there xx'as one area on the inner surface 
lined by cuboidal epithelium 

Fiom the location of the cyst in the chest the possibility arises of its haxing been 
a cxstic accessoiy lobe A^ll three normal lobes xxeie accounted for on the right and 
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the cyst seemed to be independent of all three except for vascular adhesions between 
It and the adjacent middle and lower lobes 

Summary A one and one-half-year follow-up has been obtained on this 
patient, who, at the age of three months, sustained a rupture of a congenital 
pulmonary cyst on the right side This resulted m a pyopneumothorax 
and marked mediastinal shift The air was immediately aspirated and the 
empyema cleared up with repeated aspirations and the administration of 



Fig 8 — Case 3 Chest roentgenogram on admission There is extreme 
mediastinal shift The irregular clear area over the spine just above the 
diaphragm later proved to be a cjst 

sulfonamides The cyst then began to balloon up again, and reached huge 
proportions When the patient was six months of age the cyst was removed 
surgically There is strong evidence in support of the lesion being a 
cystic accessory lobe 

Case 4 — The following case is one which showed both infection and mechanical 
difficulties with bronchial air-exchange The patient was a female, age 36, who was 
admitted to the hospital, November 24, 1940, with an illness which began six weeks 
before entry At that time she began work in a house which was improperlj 
heated, and two or three days after starting work, she became acutely ill, with 
high fever, diarrhea and soreness of the mouth Shortly afterwards she developed 
soreness in the back and extremities, became progressively weaker, and had frequent 
attacks of sweating There were no chills She was taken to a neighboring 
hospital where, in a few days, the fever subsided somewhat and the soreness of her 
muscles disappeared Her strength began to return over a period of two or three 
weeks, while still in the hospital, until one week prior to entry, when she began to 
have a paroxysmal cough and afternoon fever There was also occasional vomiting 
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111 Januai}^ 104T, aftci the jiatient had been in the hospital appioxnnately seven 

weeks, roentgenologic examination showed a lemarkable change in the appearance 

of the “abscess ” As shown in Figure 13, the cavity in the lung was now entirelv 

flee of suiiounding iiifiltiation, had a veiy thin wall, and no longer contained fluid 

Subsequent examination, two weeks later, as shown in Figuie 14, demonstrated an increase 
in diameter of the cavity 

Possibly the patient had had an infected solitaiy pulmonaiy cyst all along, the 
infection had cleared up, but theic was a ball-valve action in the connecting bronchus, 
w'lth subsequent distension of the evst In favor of this hypothesis w'as the absence 



Pig 10 — Cise s Roentgenogram nine days after admission showing a pyopneumo 
thorax persisting and the cyst essentially unchanged 


of surrounding pulmonary fibrosis On the other hand, it is entirely possible that this 
condition did represent an abscess w'herein the infection had cleared and then the 
bronchus had become partially occluded, resulting in progi essive distension of the 
abscess cavity Theie is no cleai-cut differentiation between the two conditions in this 
instance The importance of the differentiation w'ould be to know whethei 01 not 
the cyst was lined by epithelium and if the w'alls contained caitilage If these were 
not present, closne could be obtained with drainage, either by open thoracotomy or 
closed drainage, iwtJi a catheter, as pointed out recently by kJaier ® However, bjopsv 
of the cyst would be necessary to determine this point, and this m itself would require 
a major operation and drainage w'ould require a two-stage procedure to guard against 
the development of empyema Furthermore, biopsy of one portion of the cyst w'all 
would not guarantee a knowledge of the condition of the entire lesion Therefore, 
lemoval of the cyst was decided upon, and, since at this point the patient’s condition 
seemed favorable, operation was perfoimed, February 6, 1941 

A posteiohtcial incision wns made, tbe scapuh was partially mobilized and rc- 
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ttaccd uim.rd, Ik nitl, nb ^^as ^^Klcb .ejected and the pletnal eav.tj opctuci .u 
tlH bed ot tins nb J he eest of the nppe, lobe uas nnmcdinteh apparent bins anter- 
.orlv and doeph unboddui n, the lobe WIk.c tiu cNst appioaclud the sn.face of the 
lung- theic were dense a\.iseulai idhesjons Jin. mediastinal aspect of tlie lobe was 
adiicient aKo and the plemal ca\iU was ubhteiatecl mei the apex In deheate acasculai 
adhesions The iowci lobe was entireh fiee and iheie was no middle lobe present 
The cesl faded to collapse with the icst of the lobe when mtratiacheal prossnie was 
dumnished, and fiiin pi ensure on the c\st with the hand tailed to expiess am an 
It was nnpossilde to lenune the essi sepaiateh from the lobe and in order to reinoee 



I 5'. — Ca'-c 3 Three weeks liter the oninvenn Ins clcircd up, but the ce a 

ins espandetl to m iliniime (lci,ree 


tie lobe witliout damaging tlie c\st, a separate ligation of the upper lobe vessels at 
t e inlum was done A tourniquet was applied to contiol the escape of air from the 
ronchus before the lobe was amputated close to the hilum A small amount of 
remaining lung tissue was sutuied oter the upper lobe bronchus wnth catgut The 
incision was closed w'lthout drainage 

The pathologists ha\e not been able to demonstiate a definite bronchial communica- 
tion wnth the cyst on gross inspection (Figs 15 and 16) Microscopically the w'all of 
c cjst was composed of dense, fibrous tissue in which no cartilage was observed 
in lining w'as devoid of epithelium though it is only fair to state that the cavit\ 
I'as stuffed with cotton before fixation, w'hich could easily have completelj'- denuded 
n delicate epithelial membrane Certamlv, the necessarj^ and sufficient findings to enable 
a diagnosis of lung cjst to be made are lacking m this instance and it is probable that 
ung abscess w-as the basic lesion 

The patient stood the operative proceduie ver3' w'cll and made an entirelj uneventful 
convalescence Her tcmperatuie lose to ioi° F for fi\e dajs following operation, 
and then rapidlj^ declined to noimal The low'er lobe overexpanded promptl} to fill 
the right thoiacic cage except for a small aiea at the apex wdneh w'as filled wnth 
stciile fluid 
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This patient has been followed regularly m the Out-Patient Department and is 
entirely normal as far as pulmonary symptomatology is concerned There is still 
a cap of density over the apex of the right hemithorax, but the patient has no cough 
and no chest pain, and is able to keep on with her house work 


Summary A two-year follow-up has been obtained in this case which 
exhibited the findings of either lung abscess or infected lung cyst with 



Fig 12 — Case 4 Chest roentgenogram on admission, when a diagnosis 
of lung abscess uas made 



progressive ballooning of the cavity A right upper lobectoni}" was pei- 
formed, and the pathologic findings are more in accord wnth a diagnosis 
of lung abscess than of cyst The absence of pulmonaiy symptomatolog} 
prior to the onset of the present illness is against but does not rule out 
a preexisting cyst 


Case 5 — ^This case* is characterized by multiple attacks of spontaneous pneumo- 
thorax caused by the rupture of a cyst-like structure on the surface of the lung, 
probably representing an emphysematous bulla 

The patient was a male meat-cutter, age 30, who -was first seen March 30, 1936 
Two years previously, he had experienced a sudden onset of pain in both sides of the 
chest and dyspnea No roentgenograms were taken The patient gradually improved 


* Previously reported in the Jour Thoracic Surg, 10, No 5, 566 -S 7 Ij I 94 I 
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and \\as able to return to \\oik in about two months A burning, cramping sensation 
m the right side of the chest peisisted for some time About one year later, he again 
had a sudden attack of dyspnea and pain, similar to the first A roentgenogram of 
the chest, at another hospital, reiealed a complete right pneumothorax, with a cyst-hke 
structure projecting bejond the border of the collapsed lung The symptoms improved 
rapidlj, and the patient returned to work m a week Three weeks later, he had a 
tliird attack and for some time subsequent to this his pliN sician withdrew air at intervals 
from his right chest The third attack lasted four weeks His symptoms gradually 
disappeared and he remained well until the middle of Marcli, 1936, w'hen he suffered 



Fig 13 — Cnse 4 Five weeks after admission, the clinical and roent 
genologic eMdence of infection are gone and a cjstic shadow remains 


a fourth attack of right-sided chest pain and dyspnea He was in bed for two weeks, 
with only partial relief of symptoms At this time (March 30, 1936) he was referred 
to the Mary Hitchcock Memorial Hospital 

On admission, the patient presented a picture of extreme dyspnea and cyanosis, 
with shallow, rapid respirations and weak, thready pulse The temperature was normal 
Physical examination revealed the signs of a right pneumothorax, roentgenograms 
showed a right tension pneumothorax (Fig 17) The patient’s acute symptoms were 
relieved by aspiration of air from the right pleural cavitj’', but repeated aspirations were 
necessary in order to keep the dyspnea under control Because it w'as felt that 
the adhesions, showm in the roentgenograms, might play some part in preventing 
closure of the perforation in the lung, thoracoscopy was performed, April ii, I936> a^id 
a cautery pneumonolysis w^as done, severing the adhesions Subsequent to this pro- 
cedure, the patient’s condition showed progressive improvement and the lung partialh 
reexpanded It w'as at this time that the large bleb on the right upper lobe 
was first noted (Fig 18) The patient was so much improved siTOptomaticall} that 
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he lefused to remain in the hospital, and was discharged against advice, April 24, 1936 

He returned to work and felt well until Maj' 15, 1936, when he had a fifth attack, 
chaiacterized by dyspnea and cyanosis He was admitted to the hospital, May 16, 1936, 
111 essentially the same condition as on the first admission, except that the symptoms w'ere 
somewdiat less seveic The roentgenogram taken at this time showed a right pneumo- 
thorax Another adhesion had formed 

The emphysematous bleb was considered to be the cause of the pneumothorax, 
and excision of this lesion w'as proposed Justification foi this procedure w'as based 
on tbe fact tliat tbe frequent recurrences wcie handicapping the patient and, also, at 
least one of the attacks had piodiiccd i tension pncumothniax of such alarming 
proportions that his life w'as in dangci 



Fig 14 — Case 4 A roentgenogram taken two weeks after Figure 13 
shows that the cjst Ins almost doubled m size 


Operation was performed, May 23, 1936, under intratracheal gas-oxygen-ether 
anesthesia A right parascapular incision was made, and the fifth rib was resected 
The pleura was incised 111 the rib bed A bleb, measuring approximately five centi- 
meters 111 diameter, w^as seen on the lateral aspect of the apex of the upper lobe A 
broad adhesion extended from the medial aspect and apex of the evst to the 
mediastinum There was a charred area on this adhesion from previous cauterization 
There w-eie some adhesions between the middle upper and low'er lobes and some 
between the low'ei lobe and the chest w'all The pleural surfaces w'ere otherwnse 
normal m appearance 

The adhesion to the cyst w'as cut away and hemostasis secured The apex of the 
cyst was grasped w'lth forceps, and a purse-string suture was placed in the thickened 
pleura around the base of the cyst The suture w'as drawm tight and the bleb remoied 
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The cut surface i\as sewed oier, and the incision in the chest w'^all was closed 
without diainage 

The pathologic leport was as follows “Study of numerous sections reveals no 
definitely identifiable lung substance The onb’- feature suggesting the association of 
this specimen wnth the lung is the piesence of a gieat many macrophages filled with 
black carbon-Iikc pigment Elastic tissue stains leieal a veiy small amount of elastic 
tissue but none in any position to suggest alveolai airangement No bronchial structures 
are seen Two tjpes of surface arc seen in the section, one, w’hich is interpreted as 
being the original pleural surface has underlying it a bioad band of dense hyalinized 
fibrous tissue No cmeiing is apparent, and there is no mfiltiation of this region. 


rir is 




Fig i6 


Fig is — C ise 4 The cystic structure is still under tension, 
the upper lobe has collapsed 

IiG 16 — Case 4 Section of the cyst shows a smooth lining 
ing IS demonstrated 


though the rest of 
No bronchial open 


Opposite this surface is one which bears a small amount of infiammkory exudate in spots 
Adjacent to this surface there is abundant infiltration by eosinophils, and a few 
polymorphonuclear leukocytes and scattered small accumulations of lymphocytes There 
are some small arteries which are occluded Vascular channels are numerous, and 
there are some brown, pigment-filled phagocytes, suggesting that there has been hemor- 
rhage into the tissues ” 

Evidence therefore, is lacking m this case in support of a definite congenital cyst 
It probably represents an emphysematous bulla, of the type described by Kjaergaard « 

Postoperatively, the patient ran an oral temperature reaching about 100 F 
daily for two weeks The pulse was about 120 for three days and then leveled ofif to 100, 
dropping to normal with the temperature two weeks after operation Respirations 

were not increased 
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During this period there was some mucopurulent sputum Fluid accumulated m the 
right pleural cavity, and thoracenteses yielded 350 and 300 cc , respectively, on the 6th 
and 9th postoperative days The fluid was serosanguineous, and was sterile on culture 
The patient gradually improved, and was discharged, July i, 1936 He resumed 
activities and returned to work He has now been working seven years as a clerk 
m a grocery store, with no symptoms or ill effects 



Fig 17 — Case s Roentgenogram taken on admission There is tension 
pneumothorax, avith extreme mediastinal shift 


Summary A seven-year follow-up has been obtained in this case, who 
had five attacks of spontaneous pneumothorax from ruptuie of a subpleural 
cyst-hke structuie On at least one occasion a high degree of tension 
pneumothorax was present The cyst-hke structure was excised and the 
patient has remained well since Pathologic criteria are lacking for a satis- 
factoiy diagnosis of cyst, and it is thought likely that the lesion was an 
emphysematous bulla 

Case S'— When first seen for a pulmonary complaint, R S was age 24, and was 
admitted to the hospital, July IS, 1937, with a diagnosis of bronchopneumonia 
Routine roentgenograms of the chest demonstrated a small area of acute pulmonary 
infection in the right costophrenic angle Also, at this time it was discovered that 
there was a dense, smoothly-outlined, oval shadow in the left upper lung field (Fig 19) 
The patient recovered from the bronchopneumonia promptly, but failed to return 
for further study of the shadow in the left upper lung field 
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He was leaclmitted in November, 1939, acutely ill and complaining of severe left 
chest pain, cough and fevei Roentgenogiams taken at this time are shown in 
Figures 20 and 21, and demonstiate a tiemendous increase m the size of the previously 
discoiered shadow While exploratoiy opeiation or aspiiation of this cystic shadow 
was being contemplated, the patient had a sudden exacerbation of thoracic pain, became 
quite cjanotic and breathless This W'as soon follow^ed by a diminution of pain in 
the chest A rocntgenogi am (Fig 22) showed that the cyst had luptured into the 
pleural caMt\ Thoracentesis at this time lecovered 300 cc of cloudy, thin, yellow 


•1 



Fig iS — C ase 5 Partial reexpansion after repeated thoracentesis The 
cjstic shadow in the upper lobe area is demonstrated 


fluid Smear and culture were negative for organisms but showed many white cells, 
most of which were polymorphonuclear leukocytes Following this episode the 
patient quickly recovered, his pain disappeared, the temperature returned to normal 
and he was discharged, after a hospital stay of 12 days 

He returned for operation, June 9, 1940, seven months aftei his previous admission, 
and at this time it was seen roentgenological ly (Fig 23) that the cystic shadow 
had returned to its original size and contour It is interesting to note in these films 
an area of increased density at the base of the cystic shadow Operation w'as performed 
June 21, 1940 The left pleural cavity was opened through a posterolateral incision, 
with resection of the sixth nb Aftei freeing up a few avascular adhesions, the cyst 
was easily located protruding through the surface of the upper lobe It was adherent 
at Its apex to the posterolateral chest wall, and apparently deeply embedded m the lobe 
It was possible, however, to develop a cleavage plane between the lung and the C3'st, 
and this progressed without encountering large blood vessels or bronchi The upper 
lobe and cyst were completely separated and it was then found that the base of the 
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C3^st wss sdlicrcnt to the 3rch of the sorts, just ciistsl to the left subclsvisn artery 
The cyst was rather thick-walled, and at the base, where it was straddling the aorta, 
tliere was a hard mass within the cyst wall The base was removed from the arch 
of the aorta without difficulty, complete hemostasis wa*s secured, and the chest was 
closed without drainage 

The pathologic findings indicate that the specimen lepresents a cyst of a rudi- 
mentary accessory or aberrant lung lobe The hard area at the base of cyst was found 
to be a well-formed bronchus, about one centimeter in diameter (Fig 24) The walls 





Fig ig — Case C Roentgenogram taken on adnnss on demonstrates the 
sharply defined lesion in the left upper lung field The area of increased 
density at the base of the lesion should be noted 


contained typical cartilage, and the lining was composed of tall, columnar, ciliated 
epithelium The bronchial lumen communicated diiectly with the mam cj-^st cavity, 
which measured 7 5 cm in greatest diameter The cyst also was lined with columnar, 
ciliated epithelium 

It IS rather difficult to reconstruct the 1 fe history of this lesion The patient had 
had numeious hospitalizations, here and elsewhere, and no pulmonary lesion had been 
discovered, to our knowledge Perhaps originally the rudimentary bronchus was all 
that existed and, as time went on, the accumulated secretions from the lining epithelium 
caused a gradual distension of the blind end of the bronchus to form the cyst The 
final rapid distension and rupture may have been accounted for by stimulation of 
the glandular secretion by adjacent or intrinsic infection from which the bacteria 
had disappeared by the time the cyst ruptured Examples of similar lesions are in- 
frequent in the literatui e but disease of aberrant lung tissue was discussed by Freedlander 
and Gebauer,'^ in 1938 

Convalescence was entiiely uneventful Thoracentesis was performed once, and 
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sterile, blood-tinged fluid was reco\ered The low'er lobe giadually expanded to 
occiip} the entire left hemithorav The patient has been follow^ed at frequent 
inter\als and is cntireh free of pulmonary sjmptoms 

SuyrMARY A two and one-halt-yeai follow^-up has been obtained in this 
case The lesion repiesents a cyst of a i iidimentary accessoiy lung lobe 
which gradually expanded o\ei an unknown peiiod of months oi yeais, with 
final rupture into the pleural cavitt The fluid obtained was steiile The 
c}St aiose in the mediastinum and was embedded m the left uppei lobe 
A definite bionchus was piesent at the base of the lesion 


- * 
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Fig 20 — Case 6 Appearance of the chest two jears and four months 
after the pre\ fons admission 


DISCUSSION 

Of the SIX cases cited, four almost suiely lepresent congenital cysts of 
pulmonar}’- origin Two of these (Cases 3 and 6) w’^eie c}stic accessoiy lobes 
arising outside the normal lung tissue The other two piobably w^ere not 
congenital C3’'sts since one (Case 5) resembled an emphysematous bulla moie 
closely than a true cyst and the othei (Case 4) was probably oiiginally a 
lung abscess, though there are certain findings wdnch militate against this 
conclusion 

Since all of these cases presented themselves because of acute or subacute 
manifestations due to the presence of a cyst 01 cyst-like structure, it is 
interesting to speculate on the incidence of these structures occurring as 
silent lesions A conclusion reached 111 this legaid would help in deciding 
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the relative danger of ignoring such a lesion when accidentally discovered 
Singer® states that syinptomless C3^sts are not often seen, and believes they 
probably should not be operated upon Eloesser® and Maier,io also, are of 
this opinion, and the latter believes that many so-called upper lobe cysts are 
the result of infection and are not true cysts 



Fig 21 — Cnse 6 A lateral view slows the posterior position of the lesion 


A review of the findings on routine roentgenograms taken on all members 
of the entering class at Dartmouth College leveals that in the five years 
between 1935 and 1942, 4,983 examinations were made The diagnosis of 
solitary lung cyst was made once, and that is our Case 2 This could not 
be considered an accidental finding nor a silent lesion since the patient 
was known to have a cyst and it had been productive of symptoms for years 
During the same years in the general hospital, 6,622 chest roentgenograms 
were taken, including retakes , and one unquestionable instance of an 
asymptomatic lung cyst was encountered 

This occurred in a woman age 56, who entered the hospital for removal 
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Fig 22 — Case 6 The cystic lesion has ruptured into the pleural cavity 



^Fig 23 — Case 6 Siv months after rupture the cvst has resumed its 
original contour 


X' 
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of a toxic adenomatous th)'roid The lateral chest roentgenogram is shown 
in Figure 25 The patient was an intelligent, educated woman, and had 
consulted her ph3’’sician at regular mteivals She had no knowledge of the 
existence of any lung lesion, and there was no history of pulmonary difficulties 
She had an uneventful convalescence fiom subtotal thyroidectomy, under 
local anesthesia, pei formed July 27, 1937, by Dr J P Bowler A letter 



Fig 24 — Case 6 The opened surgical specimen shoeing the 
well formed bronchial stump at the bottom of the cyst 


received from her, dated June 25, 1942, states that she has been in perfect 
health since her hospital stay, and theie have been no pulmonary symptoms 
of any kind 

There was one otlier case which might be a pulmonary cyst, but the 
diagnosis is so uncertain that it is not included m the present report 

From this small number of roentgenogi ams, and from accounts in the 
hteiature, as cited above, it would seem that asymptomatic cystic pulmonary 
lesions must be uncommon, but, in contrast to some other opinions, we feel 
that when they aie observed removal should be advised if the patient’s 
condition will permit The likelihood of accidents to the lesion is very 
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great, and once complications have occuiied a serious situation may develop 
rapidly and, at best, an extiemely eventful clinical course may leadily ensue 
Extiipation of the lesion, when possible, would seem to be the best 
method of treatment If the lesion has an epithelial lining, collapse or simple 
drainage vill not eflect a peimanent closuie of the cavity (cf discussion 
under Case 4) The scope of the opeiation may vary from simple excision 
or enucleation of the lesion itself, as m thiee of the cases herewith leported. 



1 iG 25 — Case cited in Discussion A tlim walled cyst m the left anterior lung 
field, fluid le\el at bottom 


01 lobectomy, or even total pneumonectomy may be lequiied (Gale,^’^ Robeits, 
and others) Three cases reported by Maier and Haight,^^ weie first treated 
as empyema by open drainage, but due to failuie of cavity closuie, latei 
lobectomy m two cases, and enucleation in the third, were required for cure 
Permanent closure of laige balloon cysts by an endocutaneous flap is discussed 
by Brown and Block 

The elimination of infection in the cavity inasfar as possible is an important 
preoperative requirement With a bronchial communication, postural drain- 
age may accomplish this goal, but m closed c} sts or where the communicating 
bronchus is inadequate due to its small diameter, or its position relative to 
the cavity, external drainage may be required as m the cases of Maier and 
Haight, cited above Since the cyst contents or lining may harbor pathogenic 
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organisms even under the best circumstances, avoidance of opening the cyst 
during removal is desirable, but is an ideal not always possible of achieve- 
ment To remove the cyst intact, careful dissection and individual ligation 
of the hilar structures may be necessary This technic was employed suc- 
cessfully m one of our cases (Case 4) and, if it had been utilized in Case i, 
instead of the tourniquet technic, opening of the cyst, and possibly the fol- 
lowing empyema, might have been avoided 

The employment of diainage after cyst removal is, of couise, an individual 
pioblem and one that has to be settled at the time, but, in general, it is 
probably a safe maxim that, if the cyst has been opened during removal 
drainage should be instituted 

The postoperative care of this class of patient does not employ different 
management from that utilized after othei open chest operations where there 
has been manipulation or actual lesection of lung tissue Prompt expansion 
of the remaining pulmonaiy tissue should be accomplished and maintained 
Whether or not to inciease the oxygen intake depends on the individual 
situation and may be unnecessary The usual attention must be given to 
fluid intake and blood replacement Even if no lung tissue is resected, there 
IS usually an accumulation of sei osanguineous fluid in the pleuial cavity in 
the first 48 houis If no drainage has been employed, aspiration of this 
fluid once or twice may be advisable, more for bacteriologic determination 
than relief of pressure If there is no infection the fluid will absorb over a 
period of 10 to 14 days 

Complete restoration of the pulmonary function should be the rule, and 
has been accomplished in all of the cases reported in this article 

SUMMARY 

Seven cases of solitary cystic lesions of pulmonary origin are reported 
Six of these cases presented themselves for treatment because of various 
accidents incident to the presence of the cyst All six were operated upon 
successfully (five by the author) The seventh case had a symptomless cyst 
and has not been operated upon The incidence, diagnostic criteria, operative 
procedures and pathologic findings relating to these lesions are discussed 

CONCLUSIONS 

1 Solitary cystic lesions are usually seen because of some accident to 
the cyst 

2 The cure of the condition is usually surgical and preferably involves 
extirpation of the cyst, which may require lobectomy or pneumonectomy 

3 The differentiation between congenital and acquired cysts prior to 
pathologic examination is often impossible 

4 Symptomless cysts are uncommon 

5 Even silent solitary cystic lesions should be removed if conditions 
permit 

The author wishes to express his thanks to the Thoracic Study Unit of the Hitchcock 
Hospital for their cooperation in caring for the cases reported in this article 
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Since the work or Handley,^'" m 1910, much attention has been given 
to the lymphatic route of spiead of carcinoma of the rectum Many extensive 
and painstaking studies have been made into this featuie of rectal carcinoma in 
order to determine the prognostic implications of nodal involvement and the 
direction of spread of the carcinoma The anatomic descriptions of the lectal 
lymphatic channels by Delamere, Poirier and Cuneo*^ paved the way for later 
studies Early investigations by Miles,-- Monsarrat and Williams,-'^ Cole,'’ 
Cheatle,^ Pennington,-'* and others, gave impetus to more exhaustive studies 
by McVay,-^ one of us (Bargen-) and Larsen, Gabriel, Dukes and Bussey, ^- 
Gilchrist and David, Coder, and others,** and Grmnell These investigators, 
and the large numbers of cases studied by them, have emphasized the im- 
portance of the lymph nodes as prognostic indicators m rectal carcinoma, 
and around this pathologic feature of the disease have been centered the 
present methods of surgical treatment 

Venous invasion in rectal carcinoma has been obseived for many years, 
Mayo,^** McArthur,^** Smith,^** Monsairat and Wilhams,^^ and Miles^® noting 
this feature and commenting on it During the past four years, increasing 
attention has been given to venous invasion of rectal caicinoma as its clinical 
and prognostic importance has been seen to grow The frequent development 
of visceral metastatic lesions after radical resection of the rectum for car- 
cinoma has stimulated interest in this phase of invasion by carcinoma 
Brown and Warren,® in one of the first reports during the present 
period of interest, expressed the opinion that the lymph nodes have been 
poor indicators of visceral metastatic lesions, which are often present inde- 
pendently of neoplastic nodes They found that 31 per cent of patients 
without nodal involvement by carcinoma had visceral metastatic lesions, and 
they maintained that the spread of lectal carcinoma through the blood vessels 
IS at least as important as by the lymphatic route, and that evidence of this 
spread is usually available m the primary grow'th In the prediction of 
visceral metastatic lesions from the primary growth, the presence of intra- 
vascular invasion means as much fiom the prognostic standpoint as neo- 
plastic nodes, and its absence means much more 

* Abridgment of thesis submitted by Dr Seefeld to the Faculty of the Graduate 
School of the University of Minnesota in partial fulfillment of the requirements for the 
degree of S in Surgery 
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Dukes and Bussey found that in i6 6 per cent of 699 specimens of rectal 
caicinoma the veins weie invaded and demonstrated small carcinomatous 
implants along the supeiioi hemoiihoidal vessels 

Grmnell recently found veins involved in 36 per cent of 75 cases studied. 
In 90 per cent of 30 cases in ^^hlch theie were visceral metastatic lesions, 
venous invasion ^^as demonstiated m the piimary growth Twenty-five per 
cent of the patients who had visceial metastatic lesions failed to show 
nodal involvement 

The first reported instance of neoplastic invasion of nerves was prob- 
abl} that of Cruveilhier,® in 1842, but this phenomenon has been encoun- 
tered frequently since then, and almost all types of neoplasm have been 
observed to use the permeuial spaces as a route of extension Excluding 
reports of isolated instances of perineural invasion, no exhaustive investiga 
tion of imasion of nerves had been undertaken until 1936 when Warren, 
Hams and Graves^- were struck with the frequency of its occurience in 
prostatic carcinoma Kahler,^® in a later study, placed perineural invasion 
at the head of the list of ciiteria for the microscopic diagnosis of prostatic 
carcinoma 

As early as 1770, Cotugno" described spaces about the sciatic ner\e 
which he demonstrated in the cadaver Other investigators followed witli 
studies to determine the anatomic nature of these spaces and the presence 
or absence of a definite communication vith the spinal subarachnoid space 
Key and Retzius,^" Orr and Rows,-^“® Weed,^®-^*^ Alford and Schwab,^ and 
Sullivan and Mortensen^^ have contributed greatly through injection ex- 
periments on man and animals, to the knowledge of the nature of the neiual 
spaces and of the direction of flow of the fluid therein 

The fact that these spaces exist about the nerves to their smallest rami- 
fications, and that there is a circulating fluid medium within, gives rise to the 
contemplation of another possible mode of spread of neoplastic cells, and 
thus suggests a possible relation between recurrence and metastatic spread 
of a malignant growth and perineural invasion This feature has been noted 
m rectal carcinoma but there has been little or no mention made in published 
reports of its possible relation to the recurrence and visceral spread of 
rectal carcinoma 

This study concerns itself with the incidence of perineural invasion in a 
senes of cases, along with that of venous invasion and nodal spread, and 
an attempt to correlate their presence with available clinical data 

METHODS AND MATERIALS 

One hundred gross operative specimens of rectal carcinoma removed by 
the abdominoperineal or the abdominal route at the Mayo Clinic, during 
the year 1935 and the early part of 1936, were chosen for study m the 
order of their removal Specimens removed during these particular years 
were chosen so that a sufficient interval for adequate follow-up study of 
the patients who had the growths might have elapsed 
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To study the involvement of veins, blocks of tissue from all points of 
the lesion and rectal wall at which microscopic evidence of venous invasion 
could conceivably be present weie removed The lesion was divided into 
four quadrants and a block of tissue was taken from each quadrant The 
block included the full-thickness of the lesion and the entire thickness of 
the rectal wall as well as a certain amount of perirectal tissue (Figs i and 2) 
In addition, transverse cuts vere made thiough the perirectal fatty tissue, 
exposing the larger vessels leading from the vicinity of the lesion (Fig 3), 
and blocks v ere removed for microscopic study from regions which appeared 
suspicious, usually vithm a distance of four inches (10 cm ) above and 
below the gro\\th 



Fig 4 — (c) Photomicrograph of small vein in the perirectal tissue, the lumen is lined by 
malignant cells (x 185) , (b) adenocarcinoma. Grade 4 (Broders’ method), in the lumen of a small 
vein in the perirectal tissue (x 140) 

Preliminary microscopic examination of sections cut from the blocks, 
fast freezing technic being used, was facilitated by the use of an acid 
polychrome methylene blue stain, which is especially adaptable for tissues 
that have been long fixed m formalin Of those tissues m which definite 
or presumptive evidence of venous or perineural invasion was found, 
permanent sections stained with hematoxylin and eosm vere made and 
further study was carried out We wish to thank Dr MacCarty, m -whose 
laboratory the study was made, and Dr Dockerty, who reviewed the 
sections 
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After examination of all sections was completed, results were tabulated 
and correlation with clinical data and follow-up records was attempted 
In this method of study, as in others reported to date, there were a 
few cases m which it was extremely difficult to distinguish small sub- 
mucosal lymphatic channels fiom venous channels, and m these cases van 
Gieson’s stain was employed with some degree of success The presence 
of erythrocytes within the lumen of a vessel may often aid in distinguishing 
the type of vessel, but it must be borne m mind that hyaline and necrotic 



Fig 5 — (a) Photomicrograph showing malignant canalization of a thrombus in a large \ein 
in the perirectal tissue (X35), (b) imasion of perineural spaces bj colloid adenocarcinoma. 
Grade 2 , showing formation of alveoli and secretion of mucus Note uniniohed ner\e nearby (x 60) 


material may closely resemble erythrocytes, and also that lymphatic channels 
may contain eiythrocytes as a result of trauma or the surgeon’s knife The 
presence of smooth muscle, as demonstrated by van Gieson’s stain, is 
of some help 

Most of the involved veins were found m the perirectal tissue near to 
the muscle wall or within the perirectal fat (Figs 4 a and h and 5 a) 
There were no instances of invasion of an arterial lumen, a fact that 
emphasizes the oft-mentioned immunity of these vessels to carcinomatous 
invasion Perivascular lymphatic vessels were seen to be involved, but 
there was no penetration of the arterial wall 

An interesting feature noted was the frequenc}^ of arterial thrombosis 
in cases in which the veins were involved This occurred in a number of 
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instances, and when seen on pieliminaiy examination was taken as an indica- 
tor of venous involvement 

In arriving at the final micioscopic diagnosis, we considered only cases 
in which the involved vessels weie definitely venous and eliminated all 
cases in which the observations vere indefinite 

Perineural invasion is not as difficult to recognize as is involvement 
of venous channels In most instances, involved nerves are abundant in 
the section, although by no means all of the nerves in one section are always 
involved Many fields were examined m which a neive was seen to be 
extensively involved wheieas one oi several neives in the immediate 
vicinity vere not involved (Fig 5 b) Invasion of nerves was seen as far 
as four inches (10 cm ) from the site of the pimiary growth 



Fig 6 — (a)) Photomicrograph showing extensile iniasion of iicries with marked distention of 
the neural spaces, and formation of alveoli (X70), (b) showing aheolus in the endoneural space 
with compression of the surrounding none fiber, but without degcneiatioii of the ncric (x 125) 


Many cases weie rejected because of “secondaiy” imohement of nen^es 
This was usually piesent in neives close to the lesion The neive was 
completely surrounded b)'’ extensive caicinomatous infiltiation but the peri- 
neural space lemained intact and did not contain caicmoma cells vithin its 
confines, indicating that the neive was meiely isolated b}'^ sui rounding car- 
cinoma and not actually invaded 

Involvement of the penneuial space vaiied in aichitectuie In some 
instances a few malignant cells veie seen lying i\itbm the space vithout 
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any apparent conformation, while in other cases the cells were arranged 
111 alveoli and even distended the space with then mucous secretion 
(Fig 6 a) 

Theie was little or no degeneiation of nerve fibers to be seen in the 
neives involved, apparently because of the distensibihty of the walls of the 
pel menial spaces, which weie seen to be extremely distorted in places 
(Fig 6 b) 

In no cases were the plexuses of Meissner and Auerbach seen to be 
involved, although nerve fibers both proximal and distal to these structures 
might be invaded 


RESULTS 

Lymphatic Involvement — Involvement of the lymph nodes was found to 
be piesent in 47 per cent of the 100 cases In previous investigations based, 
in total, on more than 500 specimens, the propoi tion of cases in which lymph 
nodes were involved varied from 36 to 68 per cent (Table I) We found, 

Table I 

NODAL INVOL\EMENT FOUND IN PREVIOUS STUDIES 



Total No of 

Percentage 

Author 

Cases 

InvoU ed 

McVay 

100 

47 

Wood and Wilhie 

100 

SI 

Gabriel Dukes and Bussey 

100 

62 

Gilchrist and David 

23 

68 

Coller, Kay and MacIntyre 

S3 

64 

Gnnnell (1916-1932) 

107 

36 

Grinnell (1938 1941) 

73 

33 


as others before us, that the higher the grade of malignancy (Broders’ method) 
the higher the incidence of nodal involvement (Table II) 


Table II 


INCIDENCE OF NODAL PERINEURAL AND VENOUS INV\SION ACCORDING TO GRADE OF MALIGNANCY (bRODERS) 

Nodal Perineural Venous 

Involvement Involvement InvoU ement 


Grade 

Total 

Cases 

Cases 

Percentage 

Cases 

Percentage 

Cases 

Percentage 

T 

14 

3 

21 4 

2 

14 3 

1 

7 1 

2 

34 

20 

37 0 

16 

29 6 

7 

13 0 

3 

24 

18 

75 0 

9 

37 3 

7 

29 2 

4 

8 

6 

73 0 

3 

37 3 

3 

62 5 

Totals 

100 

47 


30 


20 



Dukes^® expressed the opinion that metastatic growths in lymph nodes 
xve more frequently found among women than among men, a feature which 
IS not borne out in this study, 46 i per cent of women and 47 5 per cent of 
men having nodal involvement 

Dukes has stated that the highest incidence of nodal involvement occuis 
among young patients, while the tendency is less frequent among the oldei 
patients This fact was also noted in this senes (Table III) 

Most investigators, notably Mayo and Schhcke,^® have found the highest 
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incidence of nodal invasion in the uppei pait of the lectuni and in the lecto- 
sigmoid In this series a slightly higher pioportion of nodal involvement 
was found m the middle third of the rectum than m the other segments, 50 
per cent in the middle thud, and 488 and 402 pei cent m the upper and 
lower thirds, respectively 

Of the series of patients who had nodal metastatic lesions, ten patients 
survived foi thiee yeais vhile onl}^ two suiMved foi five yeais 

Peimeioal Invasion — Involvement of the permeuial and endoneuial 
spaces was demonstrated m 30 of the 100 cases, the average age of the 
patients who had pei menial involvement being 51 yeais, almost exactly the 
average age m the entiie senes Eighteen of the 30 patients weie men 
(60 per cent), and 12 veie women (40 per cent) 

The average pieopeiative duration of symptoms among those patients who 
had involvement of neives was 94 months, as compared with 97 months in 
the entire series Pam was a prominent symptom, volunteered by the patient, 
in 24 cases , it was not mentioned in the history of three cases , and was stated 

Table III 

INCIDENCE OF NOD\L, PERINEUR'VL AND \nS0DS INVOLVEMENT ACCORD NO TO AGE 

Nodal Perineural Venous 

In\ol\errent Involvement Invohement 



Total 



, 




— * , 

Age Years 

Senes 

Cases 

Percentage 

Cases 

Percentage 

Cases 

Percentage 

20 39 

11 

7 

63 6 

3 

27 3 

4 

36 4 

40-59 

68 

34 

SO 0 

21 

30 9 

13 

19 1 

60-79 • 

21 

6 

28 6 
i 

6 

28 5 

3 

14 3 

Totals 

100 

47 


30 


20 


to be absent 

in three 

cases 

Thus, m 

89 per 

cent of the 

cases 

m which 


information on this point was available, pam was a prominent symptom 
In the evaluation of pain in this study, only cases m which the history 
indicated that the pain might be diiectly neuiogenic and not just dis- 
comfort vaguely noted by most patients with lectal caicinoma, were recorded 
Terms such as “aching,” “boiing,” “gnawing,” “constant” 01 “steady” were 
considered to be indicative of pain due to involvement of nerves, while tenes- 
mus, cramps, a feeling of fullness and the desire to defecate were not so con- 
sidered Of the 70 cases in whicli the neives weie not involved pam was found 
to be a primary symptom in only 25 Pam was not mentioned m the history of 
20 cases, and in 25 cases, when the patient vas questioned, he stated that 
it was definitely absent or was present m one form or another but not 
localized to the rectum The incidence, then, of pain for cases without peri- 
neural involvement in which information was available was 50 per cent 
Of the 30 cases in which there was involvement of the nen^es, the lymph 
nodes were also involved in 20 (67 per cent) 

When involvement of nen'-es vas considered m the light of grading, 
both by cellular differentiation (Brodeis) and by mural penetration (Dukes), 
it was seen that the higher the degree of malignancy, the more frequently 
was perineural involvement piesent (Tables II and IV) 
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any apparent confoiination, while m othei cases the cells were arranged 
in alveoli and even distended the space with then mucous secretion 
(Fig 6 a) 

There was little or no degeneiation of nerve fibers to be seen in the 
neives involved, apparently because of the distensibihty of the walls of the 
perineural spaces, which weie seen to be extremely distorted m places 
(Fig 6 b) 

In no cases were the plexuses of Meissner and Auerbach seen to be 
involved, although nerve fibers both proximal and distal to these structures 
might be invaded 


RESULTS 

Lymphatic Involvement — Involvement of the lymph nodes was found to 
be present in 47 per cent of the 100 cases In previous investigations based, 
in total, on moie than 500 specimens, the proportion of cases in which lymph 
nodes were involved varied from 36 to 68 per cent (Table I) We found, 

Table I 

NODAL INVOLVEMENT FOUND IN PREVIOUS STUDIES 



Total No of 

Percentage 

Author 

Cases 

Involved 

McVay 

100 

47 

Wood and Wilkie'’^ 

100 

51 

Gabriel Dukes and Bussey 

100 

62 

Gilchrist and David 

25 

68 

Coller Kay and MacIntyre 

53 

64 

Gnnnell (1916-1932) 

107 

36 

Grinnell (1938-1941) 

75 

55 


as others before us, that the higher the giade of malignancy (Binders’ method) 
the higher the incidence of nodal involvement (Table II) 


Table II 

INCIDENCE OF NODAL PERINEURAL AND VENOUS INVASION ACCORDING TO GRADE OF MALIGNANCY (bRODERS) 


Nodal Perineural Venous 

Involvement Involvement Involvement 



Total 


— * s 


^ 



Grade 

Cases 

Cases 

Percentage 

Cases 

Percentage 

Cases 

Percentage 

T 

14 

3 

21 4 

2 

14 3 

1 

7 1 

2 

54 

20 

37 0 

16 

29 6 

7 

13 0 

3 

24 

18 

75 0 

9 

37 5 

7 

29 2 

4 

8 

6 

75 0 

3 

37 5 

5 

62 5 

Totals 

100 

47 


30 


20 



Dukes^° expressed the opinion that metastatic growths in lymph nodes 
^re more frequently found among women than among men, a feature which 
is not borne out in this study, 46 i per cent of women and 47 5 per cent of 
men having nodal involvement 

Dukes has stated that the highest incidence of nodal involvement occurs 
among young patients, while the tendency is less frequent among the oldei 
patients This fact was also noted in this series (Table III) 

Most investigators, notably Mayo and Schhcke,^® have found the highest 
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incidence of nodal invasion in the uppei pait of the lectuni and in the lecto- 
sigmoid In this senes a slightly higher pioportion of nodal involvement 
was found in the middle third of the lectum than m the other segments, 50 
per cent in the middle third, and 48 8 and 40 2 pei cent in the upper and 
lower thirds, respectively. 

Of the series of patients who had nodal metastatic lesions, ten patients 
survived for three years while only two sunuved for five years 

Pennewal Invasion — Involvement of the peimeural and endoneuial 
spaces Mas demonstrated in 30 of the 100 cases, the average age of the 
patients vho had perineuial involvement being 51 yeais, almost exactly the 
average age in the entne senes Eighteen of the 30 patients iveie men 
(60 per cent), and 12 Mere M'-omen (40 per cent) 

The average pieoperative duiation of symptoms among those patients Mdio 
had involvement of ner\'es M^as 94 months, as compaied Mith 97 months in 
the entire senes Pain M^as a prominent symptom, volunteered by the patient, 
in 24 cases , it M’as not mentioned in the history of three cases , and m as stated 

Table III 

INCIDENCE OF NODAL, PERINEURAL AND VENOUS INTOLVEMENT ACCORD NG TO AGE 

Nodal Perineural Venous 

In\olven-ent Imohement Invohement 



Total ^ 


- — s 


—A ^ 



— ‘ S 

Age Years 

Senes 

Cases 

Percentage 

Cases 

Percentage 

Cases 

Percentage 

20-39 

11 

7 

63 6 

3 

27 3 

4 

36 4 

40-59 

68 

34 

SO 0 

21 

30 9 

13 

19 1 

60-79 • 

21 

6 

28 6 

1 

6 

28 5 

3 

14 3 

Totals 

100 

47 


30 


20 


to be absent 

in three 

cases 

Thus, m 

89 pei 

cent of the 

cases 

in which 


information on this point M^as available, pain M'as a piominent symptom 
In the evaluation of pain in this study, only cases in Mdnch the history 
indicated that the pain might be directly neuiogenic and not just dis- 
comfort vaguely noted by most patients Muth rectal carcinoma, M'ere 1 ecorded 
Terms such as ‘‘aching,’’ “boring,” “gnaMung,” “constant” or "steady” were 
considered to be indicative of pain due to involvement of nerves, M'liile tenes- 
mus, cramps, a feeling of fullness and the desiie to defecate Meie not so con- 
sideied Of the 70 cases in M'hicli the neives M-ere not involved pain M^as found 
to be a primary symptom m only 25 Pam M^as not mentioned m the history of 
20 cases, and in 25 cases, Mdien the patient M^as questioned, he stated that 
It M^as definitely absent or M^as present m one form or another but not 
localized to the rectum The incidence, tlien, of pain for cases Muthout peri- 
neural involvement in M'hich information M'as available M'as 50 per cent 

Of the 30 cases in M'hich there M'as involvement of the neri'es, the lymph 
nodes M'ere also involved in 20 (67 per cent) 

When involvement of nen'es Mas considered m the light of grading, 
both by cellular differentiation (Biodeis) and b} mural penetration (Dukes) 
It Mas seen that the higher the degree of malignancy, the 11101 e frequently 
M’as perineural involvement present (Tables II and IV) 
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Table IV 

INCIDENCE OF PERINEURAL AND VENOUS INVASION ACCORDING TO DEGREE OF MURAL PENETRATION (dUKES) 

Penneural Involvement Venous Involvement 


Class 

No of 
Cases 

Percentage of 
Involved Cases 

No of 
Cases 

Percentage of 
Involved Cases 

A 

0 


0 


B 

10 

33 3 

3 

IS 

C 

20 

66 7 

17 

85 

Totals 

30 

100 0 

20 

100 


Tlieie IS no appaient i elation between the size of the carcinoma and 
the presence of penneural invasion 

In considering the presence of perineural invasion in relation to the 
location of the growth, it seemed feasible to divide the rectum into lower, 
middle and upper thirds, including lesions of the rectosigmoid in the latter 
gioup It was found that lesions exhibiting involvement of the nerves 
occurred equally in the three locations (ten cases in each third), so that the 
presence of perineural invasion is apparently not related to the location of 
the lesion This result contrasts with involvement of lymph nodes, which, 
in this series, was more fiequent in the middle and upper thirds of the rectum 
than 111 the lower third, and vasculai invasion, wdnch seems to increase with 
the height of the lesion m the rectum 

No relation could be obseived between the location of the lesions 
(anterioi, posteiior oi lateral wall) and the presence of involvement of 
nerves Sixteen (503 per cent) of the lesions m which nerves were in- 
volved were annular m type and the rest w^ere located at different points on 
the rectal wall In the entire series, 30 lesions (43 per cent) were annular 

Table V 

RELATION OF PERINEURAL INVASION TO LOCAL RECURRENCES 

Nerves Involved Nerves Umnvolved 



Cases 

Percentage 

Cases 

Percentage 

Definite local recurrence 

13 

81 2 

14 

30 4 

Definitely no local recurrence 

3 

18 8 

32 

69 6 

Totals 

16 

100 0 

46 

100 0 

Questionable and inadequate follow-up and post- 





operative complications 

14 


24 


Grand Totals 

30 


70 



The Striking feature of penneural involvement of rectal carcinoma is its 
relation to local recurrences (Table V) Only recurrences m the scar or 
site of anastomosis w^ere consideied Metastasis to nearby viscera, such as 
the bladder, vagina, prostate, perineal nodes, etc , was eliminated because 
of the probability of its being due to lymphatic or venous spread rather than 
to invasion of nerves Definite local recurrences w^ere found m 81 2 per 
cent of traceable cases 111 which theie was penneural invasion, whereas, m 
those without penneural invasion, recuirences occurred m only 304 per 
cent Cases m which theie were definitely no local recurrences comprised 
only 188 pel cent of those in which nerves weie involved, w^hereas, m cases 
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Without involvement of nerves there were definitely no lecuriences in 69 6 
per cent It vas necessary to eliminate ceitam cases fiom each gioup in 
comparing these results These weie consideied to have been followed-up 
inadequately because of eaily deaths fiom unrelated causes, such as post- 
operative peritonitis or pulmonary embolism, and unconfiimed causes of 
death All cases in which theie was a question as to local recurrence, but 
no reliable evidence was found to substantiate its piesence, were placed m 
the latter group 

In the cases in uhich there uas definite recurience, theie were nine 
(692 per cent) in which l}mph nodes weie involved in the gioup in which 
perineural invasion occurred, and theie were seven (50 per cent) in which 
lymph nodes uere involved in the group without peiineural invasion While 
these figures tend to indicate a somewhat gieatei degree of lymphatic spread 
in those cases of recurrence in which nerves aie involved, they are not 
statistically significant, and, in any case, do not necessarily prove that re- 
currence IS dependent on the lymphatic system rather than on the nen^es 
Nodal involvement m the entire senes, in cases in which there was peimemal 
involvement, was 66 per cent Nodal involvement was 647 per cent (ii 
cases in 17) in those cases in which theie was invasion of the nerves but no 
local recurrence 

There nas a notable diffeience in the five-year suivival rates of the 
patients who had, and those who did not have, perineural involvement In 
the group of 29 traced cases in which there was perineural involvement, 
only two patients were living and ivell five years after the operation (69 
per cent) Tuenty-three were dead fiom cancer, either recurrent or 
metastatic, and of these, 19 were dead within two and one-half yeais The 
average duration of life after operation of the 23 who died within five }eais, 
eliminating four patients who died because of postoperative complications, was 
20 months 

In the group in which involvement of nen^es was not found at operation, 
it was discovered that 18 of 51 patients who were traced, weie living after 
five years (35 3 per cent) The average duration of life after operation m 
this group, of those who did not suiwive for five years was 25 7 months 

In the group in which theie was perineural involvement, four patients, 
sooner or later, complained of a great deal of severe sciatic pam, which might 
be taken as a possible indication of further spread to greater distances, of 
the malignant cells within the perineural spaces All four of these patients 
died within 15 months after operation of visceial metastatic lesions 

It has been mentioned earlier that perineural invasion can be traced for a 
considerable distance in some cases Although measurements of this entire 
distance vere not earned out in this study, perineural invasion did occur 
as far as four inches (10 cm ) from the site of the primary lesion One 
might speculate that the invasion of the perineural spaces can take place 
to a distance above the line of operative resection and, at a later date, 
burst through the confines of the peiinetiral space to give rise to a recurrent 

85 



SEEFELD AND BARGEN 


Annals of Sureery 
July 1943 


lesion, pel haps at the line of anastamosis or at a higher level Many sections 
showed a iiei-ve sui rounded by malignant cells In these instances the peri- 
neural sheath appealed to be luptuied as though the cellular contents of the 
sheath had become too gieat for the distensibihty of the membrane In 
sections exhibiting ‘secondary’ nerve involvement, that is, isolation of a 
nerve by infiltrating carcinoma without penetration of the perineural mem- 
brane by the cells, the membiane was always intact, although completely sur- 
rounded by malignant cells 

Venous Invasion — In loo cases of rectal carcinoma studied in this series 
there was evidence of invasion of the veins in 20 cases There may have 
been venous involvement in two others, but confirmation of its presence was 
impossible by the methods used 

The average age of the patients who had venous invasion was 47 years 
The aveiage duration of symptoms in cases m which there was invasion 
of the veins was 7 9 months The duration of symptoms m these cases 
varied from three weeks to 30 months 

Theie were 13 men (65 pei cent), and seven women (35 per cent) among 
the patients who had venous invasion 

The incidence of venous invasion m relation to histologic grading, accord- 
ing to cellulai differentiation and to muial penetration (Tables II and IV) 
increased with the degree of malignancy Only three of the 20 cases m 
which there was venous invasion fell into Dukes’ Class B, while 17 cases 
fell into Class C Theie were no cases m Class A 

Nodal involvement was present in all except three of the cases m which 
there was venous invasion (85 per cent) This would indicate that venous 
invasion raiely occurs before nodal involvement, but that it may do so 

In relating the frequency of venous invasion to the location of the lesion, 
we found » that m lesions of the upper part of the rectum and recto- 
sigmoid invasion was present moie often than m lesions of the lower 
segments, the upper thud m 55 per cent, and the middle and lower thirds 
m 15 and 30 pei cent, lespectively 

The postopei ative survival of patients who had venous invasion was 
found to vary from foui to 60 months, the aveiage survival being 22 
months Three patients survived for thiee years, one patient for four 
years, and one for five years The latter died exactly five years after 
opeiation, and, at necropsy, lesions were observed m the liver Sixteen 
of the 20 patients finally succumbed to cancer 

In eight of these 20 cases venous invasion alone was observed, while 
in 12, perineural involvement was obseived m addition to venous invasion 
In 16 cases m the general series, involvement of nerves without venous 
invasion was observed 

In the total senes of 100 cases, there were 27 local recurrences In 
six of these, nerve invasion alone was obseived (22 2 per cent) , m three, 
venous involvement alone (ii i per cent) , m seven, involvement of nerves 
and veins together (25 9 per cent) , and mil, involvement of neither nerves 
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nor veins (40 7 pei cent) In only foui of the cases without involvement 
of nerves or veins vas involvement of nodes observed Therefore, m seven 
cases there was lecuiience 111 spite of the fact that involvement of any of 
the three pathways of spiead was not obseived at opeiation 

Recurrence of lectal caicmoma, in the light of these findings, is piobably 
not concerned with only one of the three pathways of spiead, but results 
from different ones in different cases, and may involve any of them However, 
It may be said that local recuiiences aie moie frequent m rectal caicmoma 
when nerves and veins are involved than when they aie unmvolved, and that 
there are twice as many recurrences when nerves alone are involved as 
vhen veins alone are involved 

In studying the 1 elation of the three pathways of spiead of rectal 
caicmoma to the piesence of visceral metastatic lesions occurring at opera- 
tion and later, it was found that metastatic lesions were present 01 occuiied 
later most frequently 111 the group that showed venous invasion (Table VI) 


Tabi,t: VI 

OCC13RRENCE OF V SCERAL METASTATIC EES ONS AT OPERATION. AND EATER IN CASES IN NSH CH THERE WAS 

NODAE, PERINEURAL OR TTENOUS INVAS ON 


Entire Nodal Nerve Vein 

Senes Involvement Involvement Involvement 



Cases 

Percentage 

Cases 

Percentage 

Cases 

Percentage 

Cases 

Percentage 

Metastatic lesions pres- 









ent at operation, or 
occurring later 

31 

45 6 

22 

78 6 

13 

81 2 

16 

94 1 

Metastatic lesions 

37 

54 4 

6 

21 4 

3 

18 8 

1 

5 9 

Totals 

68 

100 0 

28 

100 0 

16 

100 0 

17 

100 0 

Inadequate follow-up 









and postoperative 
complications 

32 


19 


14 


3 


Grand totals 

100 


47 


30 


20 



In 94 per cent of the cases in which venous invasion was observed at opeiation 
and m which the follow-up was adequate, visceral metastatic lesions either 
were present at the time of operation or developed later, whereas, visceral 
metastatic lesions were less frequent m cases in which nerves or nodes 
were invaded This fact would seem to indicate that venous invasion is 
important in legard to visceral metastasis while perineural invasion may 
be related to local recurience 

In the entiie senes of 100 cases, visceial metastatic lesions weie found 
at the time of opeiation m seven cases, and in six of these, venous invasion 
was piesent m the specimen lemoved (86 per cent) Lymph nodes were 
involved in five of these seven cases (71 per cent) 

In only foui of the 20 cases in which there was venous invasion were 
metastatic lesions obsen^ed m the Iivei at operation, and the surgeon made 
the diagnosis of malignancy by palpation correctly in three instances 

When one considers that one-fifth of the patients m this series of rectal 
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caicinoma had veins invaded by caicinoma, and that practically all (94 
per cent) of these ahead}'^ piesented, or later acquired, visceral metastatic 
lesions, the piognostic impoitance of the piesence of venous invasion in the 
operative specimen is seen The fact that foui -fifths of the patients in the 
series of 100 cases failed to show invasion of the veins at operation and 
that visceral metastatic lesions occuried in only 187 per cent (15) of 
these patients emphasizes the prognostic significance of the absence of 
venous invasion, as bas been mentioned by Bi own and Wai ren ^ 

CONCLUSIONS 

1 In 100 cases of lectal caicinoma, tymph nodes were involved m 47 
per cent, neives m 30 pei cent, and veins in 20 per cent 

2 Invasion of lymph nodes, neives and veins increases with the degree 
of malignancy of the caicinoma 

3 Invasion of lymph nodes ocean ed equally in the two sexes, while 
venous invasion and peiineural invasion weie moie frequent among men 
than among women 

4 Venous and nodal invasion occuiied moie often among young than 
among old patients, while invasion of nerves was not related to age 

5 Invasion of nerves was not related to the location of the lesion, 
while venous invasion was most frequent in lesions of the upper part of 
the rectum, and nodal invasion was slightly more frequent in lesions of the 
middle segment of the rectum than in lesions of other segments 

6 Venous invasion occuired moie frequently in cases in which there 
was involvement of nodes than in othei cases, but it occurred in cases with- 
out involvement of nodes as well 

7 Nodal invasion was somewhat moie frequent in cases in which there 
was involvement of nerves than in those in which the nerves were not 
involved 

8 Pam was a prominent symptom m 89 per cent of cases in which there 
was invasion of nerves 

9 Local recurrence was more than two and one-half times as frequent 
in cases in which invasion of neives was observed as in cases in which it 
was ilot observed 

10 Visceral metastatic lesions at opeiation, or later, occurred m 94 
per cent of patients who had I'-enous invasion m the primary growth, and 
were five times as fiequent as in patients without venous invasion m the 
primary growth 

11 Venous invasion m the primary growth does not always mean that 
hepatic metastatic lesions are present 

12 Eight3''-six per cent of patients among whom visceral metastatic 
lesions were present at operation exhibited venous invasion in the primary 
growth, while 71 per cent exhibited nodal invasion 

13 Eighty per cent of patients ivlio had venous invasion in the primary 
growth died from carcinoma, either recurrent or metastatic 
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FINAL REPORT OF TWO CASES 
WiLLmiB SWARTLEY, MD 
Philabelphia, Pa 

FROM THE SURGICAL SERVICES OE THE GER^UNTO^VN DISPENSAUT AND HOSPITAL, AND CHESTNUT HILL HOSPITAL, 

PHILADELPHIA, PA 

Case Report — K E , age 22, white, female, married, was admitted to the medical 
ward of the Chestnut Hill Hospital, September 9, I 940 , and discharged September 
18, 1940 She was readmitted for the same condition as a private patient of Dr William 
C Sheehan, now Lieutenant Colonel Sheehan, USA, October 7 ) I 940 s and dis- 
charged October 25, 1940 She was again readmitted to the service of Doctor Sheehan, 
October 16, 1941, and died October 22, 1941, of general peritonitis following rupture 
of a liver abscess 

Chief Complaint —7&m and a tumor in tlie right upper abdomen and jaundice 

Histoiy of Present //him —Patient’s symptoms were first noticed before her baby 
was born August ig, 1940 During the fourth and fifth months of her pregnancy there 
occurred occasional pains in the right upper quadrant of her abdomen She described 
these pains as stomach pains since they were exaggerated when she ate Thefy were so 
severe and colicky in character that she was brought into the maternity ward and 
was given urinary antiseptics Several months after the stomach pain, the pain shifted 
to the back and well up toward the shoulder, where it became constant, at first excru- 
ciating and then gradually decreasing m intensity until after one and one-half months, 
when the pain left her entirely, but the seventh month of her pregnancy she noticed a 
slight yellowish tinting of the skin, which came and went at irregular intervals and 
never became a real deep yellow There also was an irregular diarrhea that continued 
almost until full term Two weeks before the birth of the baby the mother looked 
very well, and there was no jaundice until 12 days after the baby was born 
Then suddenly jaundice set in and increased m seventy and remained constant 
At this time a mass was noticeable in the right upper quadrant of the abdomen about 
the size of a grapefruit This mass was noticed during the seventh and eighth 
months of pregnancy but had not been diagnosed as abnormal in any way, being 
taken for the fetus There was no pain m this area for the last two months Past 
Medical History — Measles, catarrhal jaundice at age of 12 Influenza at five j^ears 
of age Social Histoiy — Married, one child Family History — ^Irrelevant 

Physical Examimtiou —Thei patient was a white female, age 22, jaundiced Frail 
build but muscular tone good The positive findings were as follows Skin Jaundiced 
No petechiae Abdomen Liver enlarged, palpable at least five fingers breadth below 
the costal margin Gallbladder questionably enlarged, though apparently it seems 
as though there is a hydrops Mass can be pushed downward with the palm of the 
hand obliterating everything except the liver edge No hemiae Laboiaioiy Data 
Icteric index increased, van den Bergh 30 mg% bilirubin, urine loaded with white 
cells Clinical Impiesswn Hepatitis, hydrops of gallbladder 

Progicss Hoies~Ont thousand cubic centimeters of 5% glucose m normal salt 
solution were gnen on September 10, ii, 12, 13, 15 and 16 September 18, 1940, 
discharged, and allowed to go home If jaundice does not lessen in severity she is 
to be readmitted to the Surgical Service Our Surgical Service was asked to see this 
patient in consultation during this admission but since the patient showed signs of 
lessened jaundice and decrease in the size of the mass she ’was allowed to go home 

* Read before the Philadelphia Academy of Surgery, December 7, 1942 
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Second Admission — Surgical Service of Dr Sheehan Admitted October 7, 1940 
Discharged October 25, 1940 Patient was readmitted 19 days after discharge from the 
hospital, with persistent jaundice, and a tumor in the upper right quadrant equallj 
as large as on previous admission, and the liver enlarged four fingers’ breadth 
below the costal margin After several days preoperative preparation the patient was 
scheduled for operation with the possible diagnosis ‘of hydrops of the gallbladder 

Opeiatwn — October ii, 1940 by Doctor Sheehan Under nitrous oxide and oxygen 
anesthesia, the abdomen was opened A large cystic mass was found under the right 
lobe of the liver with a gallbladdei with its cystic duct resting on it and emptying into 
the cjstic mass A needle was inserted into the mass and bile-colored fluid obtained 
A cholecystectomy and choledochoduodenostomy and appendicectomy were performed 
About 1560 cc of bile were removed from the cyst Intravenous glucose s% m 2000 cc 
salt solution was given 

The patient was discharged October 25, 1940, after a rather stormy convalescence 
The jaundice had gradually faded 

Third Admission to Chestnut Hill Hospital — Admitted October 16, 1941, and died 
October 22, 1941 Hisioiy of Picscnt Illness — Patient was in her usual health 
having recovered from a choledochoduodenostomy on October 10, 1940, until October 
12, 1941, when she experienced five or six chills, after which her temperature rose 
to 101° F She had severe, drenching night sweats which required changing the bed 
every two hours Loss of four or five pounds in the past three months Usual weight 
98 pounds No cough Had slight nausea with no vomiting Appetite was good before 
onset of present symptoms , 

Pi ogi ess Notes — October 18, 1941 Temperature 101° F Feels flushed W B C 
18,650 as compared with count on admission of 11,400 R B C 3,000,000 Hemo- 
globin 61% October 19, 1941 Chills and fever this pm Temperature 1026° F 
Pam in left upper abdomen radiating to lower abdomen Also complains of chest pain 
Abdomen somewhat distended Chills frequent, spleen seems enlarged to percussion 
but IS not palpable Given intravenous glucose 5%, 1000 cc October 20, 1941 W B C 
9,000, Polys 78% Given glucose 5% and salt, 1000 cc Temperature, pulse and 
respirations fell to subnormal level this p m General condition worse October 21, 1941 
Given 500 cc citrated blood Barium enema today shows no evidence of a large bowel 
pathology, evidence of small intestinal obstruction Blood chemistry Chlorides 468, 
protein 67, CO2 47, blood urea nitrogen 20 Temperature elevated this am, down 
this PM Pulse rate stays elevated Distention much increased Peristalsis not heard 
Advised operation Condition not good 

Opeiatwn — October 22, 1941 Exploration revealed a massive pus collection in 
the abdomen and general peritonitis Over three pints of creamy pus were aspirated 
Appendix not located Choledochal cyst found to be much decreased m size Sulfa- 
nilamide powder was sprinkled into the abdominal cavity and several drams were 
inserted Postoperative condition poor Given fluids and blood transfusion and put 
m an oxygen tent, but condition became worse, and she expired shortly after operation 
was completed 

Autopsy Repoit (Three hours after death) Peiitoneum and Gasti o-mtestmal 
Tiact The entire peritoneum is involved in a diffuse and localizing inflammatory 
reaction Every surface is covered by white fibrinous exudate which forms easily broken 
adhesions between the omentum, loops of bowel, body wall and all the intra-abdominal 
structures In many locations these adhesions enclose similar or larger collections 
of thick creamy pus Such collections are found everywhere but are more common in 
the upper parts of the abdomen There are large deposits between the liver and the 
diaphragm One such collection between the left lobe of the liver communicates with 
an irregular, ragged abscess cavity within the organ The stomach contains a small 
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quantity of brownish fluid Its structure is normal and its mucosa quite intact The 
duodenum contains similar fluid and is equally normal The ampulla of Vater projects 
from the surface and is easily identified o About 3 cm proximal to it there is a small 
ostium Avhich admits a grooved director easily and leads into a cystic structure described 
below The remainder of the small and large bowel shows no lesions nor any point of 
weakness to suggest tlie possibility of leakage There is no trace of an appendix 

Ltvc) Is normal in size, pale, rounded The external surface is involved with the 
inflammatory process described The viscus cuts easily In the dependent portions 
of the left lobe there is a small, irregular, ragged abscess cavity described This is 
about 6 cm square and extends no further into the liver than 3 cm B'eneath the 
right lobe and projecting so, from the liver substance, as almost to seem a separate 
structure, is a cyst, approximately 9 cm m diameter, with a thick, inflamed fibrous 
wall, into which liver tissue projects, filled with a thick greenish-yellow pus Internally 
this is ragged and resembles an abscess 

Bihaty Tiact The gallbladder has been removed and the gallbladder fossa is 
filled with scar tissue The nature of the ampulla of Vater has been described Pro- 
ceeding upward from this structure is a small normal common duct about 15 mm 
in length From this point it dilated immediately into a cystic space, approximately 
3 cm m diameter and about 10 cm in length, which extends into the sagital fossa of 
the hver One side of it is attached to the duodenum and through this region runs 
the ostium described above The cyst is not regular m shape but has four or five 
arms that project for a centimeter or two into the surrounding tissues Several of 
these penetrate the liver and connect with the bile ducts in that organ The cyst is 
lined by a thin, smooth, pale membrane and is filled with flakes of brown crystalline 
material that resembles crust The same material is found m the larger intrahepatic 
bile duct in the neighborhood 

Pancreas Is normal m size and shape Its tissues are pale and show no abnor- 
mality Wirsung’s duct is easily patent for some distance above the ampulla of Vater 

Bacieuology Culture of liver abscess and peritoneum reveal i Streptococcic 
ignavus, nonhemolytic 2 An unidentified enterobacterium probably belonging to the 
genus Proteus 

Pathologic Diagnosis Heart— -Apparently normal Lungs— Bronchopneumonia 
Spleen— Passive congestion Kidney— Toxic nephrosis Urinary tract— Apparently 
normal Genitalia— Apparently normal Peiitoneum and Gastro-intestinal tract— 
Acute peritonitis, acute perihepatitis Biliary tract— Choledochal cyst with chole- 
dochoduodenostomy Pancreas— Acute peripancreatitis Adrenal glands— Lipoid diminu- 
tion Cause of Death Liver abscess with rupture and peritonitis 

COMMENT 

A choledoclius cyst (also reported as Congenital Cystic Dilatation of the 
Common Duct or Diverticulum of the Common Bile Duct) is interesting 
because of its patholog}^, diagnosis, treatment and complications or sequelae 

A true choledochal cyst represents a localized dilatation, primarily of the 
common duct, and the gallbladder is rarely enlarged 

The hver is frequently enlarged and curhotic In a minority of cases 
the intiahepatic ducts are grossly dilated Microscopically, there is often 
a cnrhosis with increased periportal connective tissue, proliferation of the 
bile capillaries, and rarely some bile stasis Infection is common and 
leukocytic infiltiation of the portal aieas may be marked Cholangitis may 
reach an advanced stage, and intraductal suppuration has been seen 
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DIAGNOSIS 

It IS a double satisfaction to diagnose these cases preoperatively and, 
again, at opeiation Preoperatively, the diagnosis should be simple, since 
the outstanding three symptoms, namely, ( i ) pain in the right upper abdomen , 
(2) cystic tumor mass 111 the same area, and (3) jaundice, are the most 
likely to result as the lesion develops However, the diagnosis is not often 
correctly stated In a veiy complete aiticle written by Zmnmger and Cash,^ 
m April, 1931, they state, “that the correct diagnosis before operation was 
apparently made three times m the 83 cases reported, and in many instances 
the true condition was not lecognized at operation Such errors will doubtless 
be repeated m the future, as few surgeons actually see a patient with this 
lesion Therefoie, unless the clinical picture is clear in the mind of the 
observer, it is unlikely that a correct preoperative diagnosis will be made ” 

TREATMENT 

We have agreed that the treatment is choledochoduodenostomy It is 
the simplest operation and the least shocking to the patient Gross reports 
that in a gioup of 52 children originally collected and studied, the mortality 
was 69 per cent, but m those treated by primary anastomosis of the biliary 
tract and intestines, the mortality was nine per cent Again, Ladd and 
Gross^ definitely state that in many cases exploration has been continued 
unduly long, so that therapeutic procedures had to be curtailed because of 
onset of surgical shock It is, therefore, pertinent to emphasize that, “the 
surgeon must be famihai with the pathology of this condition,” for only 
then can he quickly recognize the lesion and rapidly promote drainage of 
the biliary system into the intestine, which has proved to be so efficacious 
m curing these individuals Thus, even if the diagnosis is not made pre- 
operatively, the probabilities of a cure are high if the condition is recognized 
at the operating table and proper treatment is immediately instituted 

In a number of cases the cyst has been drained externally m the hope 
of joining the ductal system and intestine at a later date Such external 
drainage of the cyst has been followed by an exceedingly high mortality 
Excision of the cyst should never be attempted Doctor Weeder and the author 
originally thought m our case with a double duct and a cyst on the right 
one, that there was an advantage in excising it but we now agree that there 
is none At the autopsy of Doctor Sheehan’s case we found that the sac 
of the cyst had decidedly shrunk after a year’s anastomosis (choledochoduo- 
denostomy) This fact has many times been proven 

COMPLICATIONS OR SEQUELAE 

In these two cases that I have seen and studied, the first case with 
Doctor Weeder,® the patient developed a cirrhosis of the liver after excision 
of the cyst from the right common duct The second case, seen with Doctor 
Sheehan, developed a liver abscess and general peritonitis The latter 
patient was well for a year after the choledochoduodenostomy, cholecystectomy 
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and appendicectomy, but then suddenly developed peritonitis, the lesult ot 
a luptuied hvei abscess, which resulted in hei death 

There is a geneial impiession that life expectancy is lathei shoit after 
an inteinal biliary fistula has been established This is laigely due to the 
fact that in dogs an ascending infection thiough the bile passages occurs 
and death Mlows lathei eaily We may seiiously question the truth of this 
obseivation as applied to man, if one leviews the statistics 

In our fiist case, in which ciiihosis of the liver developed, the boy was 
operated upon Decembei 13, 1932 The child lemaiiied entirely well until 
Januaiy i, 1936, when he complained of some generalized pain and disten- 
tion of the abdomen Tvo masses weie palpable, with enlaigement of the 
abdominal veins and also ascites The laboratory leports showed a decided 
anemia, and a diagnosis of splenic anemia was made A splenectomy was 
pel formed Februaiy 5, 1936 The child did fairly well except for variations 
in his blood counts until September 23, 1937, when he complained of great 
fatigue, nausea and vomited a laige amount of bright red blood He 
vomited blood again September 25, 1937, and ivas readmitted to the hospital , 
he improved definitely under treatment and was discharged November ii, 
1937 After Ins dischaige he steadily improved There was no evidence 
of gastro-intestinal or othei bleeding and his blood count m February, 
1938, show^ed red cells 3,950,000, hemoglobin 63 pei cent, white blood cells 
10,100, polymorphocytes 48%, lymphocytes 37%, monocytes 12%, eosino- 
phils 2%, and basophils 1% 

At the Joint Meeting of the Philadelphia Academy of Surgery and the 
New York Suigical Society at Philadelphia Febiuary 9, 1938, Doctor 
Weeder^ reported the sequelae and complications of this case and, m con- 
clusion, stated "certain questions aie raised foi wFich w^e have not the 
answei It is interesting, how^ever, to speculate upon them Are these 
complications, the blood dysciasia and the gastro-intestmal hemorrhage both 
the result of back pressure on the poital system, resulting from the atrophy 
of the right half of the Iivei and the fibrosis 111 the remaining part^ Has 
the back pressme produced changes m the noimal physiology of the spleen, 
lesulting m alteiations m function of the 1 eticulo-eiidothelial system? If 
this be so, does Banti’s disease originate in the liver, and is it the result 
of changes in that oigan pioduced by toxins, either infectious, metabolic 
01 disturbed endocrine secietions?” 

In discussing Doctoi Weeder’s follow-up of this case, and in answer 
to the questions asked, Dr Allen O Whipple, of New Yoik, gave a very 
mteiestmg deduction and stated that "The subsequent history of this case, 
with the development of a splenomegaly m the presence of a cirrhosis wuth 
poi tabbed obstiuction has greatly interested me We have been greatly 
inteiested m oui Combined Spleen Clinic, at the Piesbyteiian Hospital 
111 the pathogenesis of splenomegaly In some patients, undoubtedly mtra- 
hepatic poital obstiuction results m a splenomegaly In other cases wuth 
thiombophlebitis of the splenic 01 portal vein proximal to the liver, spleno- 

95 



WILLIAM B SWARTLEY Annols or surgery 

July 1 9 4 J 

megaly developed without liver changes In still others, portal-bed irritation, 
as seen in schistosomiasis and in dogs following silica powder injections 
of a portal radical, splenomegaly is associated with cirrhosis In all of these 
several pathogeneses, the clinical picture is Banti’s syndrome, i c , an anemia, 
a leukopenia, a low platelet count, and an enlarged spleen ” 

We are now interested to have the follow-up of all these cases that show 
a cirihosis of the liver, m order to determine whether or not the cause is 
congenital or caused by interference at operation upon the choledochus cyst 
The child which Doctor Weeder and I operated upon December 13, 
1932, was finally admitted to the Germantown Hospital, July 18, 1942, again 
suffering from gastro-intestinal hemorrhage fiom esophageal varices due to 
his portal obstruction, which finally resulted in his death July 23, 1942 
At autopsy, a very pronounced cirrhosis of the liver was found with large 
esophageal vaiices No other unusual ducts were found except the remain- 
ing common bile duct which was greatly contracted 
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ROUTINE CYSTIC DUCT DRAINAGE 
FOLLOWING CHOLECYSTECTOMY 

Dean Macdonald, M D. 

St Cathahiites, Ontario, Canada 

It is not necessary to defend tlie statement that calculi are sometimes 
“left behind” in the common bile or hepatic bile ducts following operations 
upon the biliary tract This is especially true when cholecystectomy only 
has been performed However, the incidence is decreased if the biliary 
ductal system is thoroughly and systematically exploied, and it varies in 
direct ratio to the experience of the operator and the methods used for 
exploration Nevertheless, this unfortunate happening is always a possibility, 
and in some cases a probability Because a remaining calculus m this 
location is ever a potentially serious, and even a fatal, complication, its con- 
sequences are worthy of prevention when and where possible On the other 
hand, it is just as important to know that ductal calculi are absent as it is 
to know that they are present, particularly if a patient has symptoms follow- 
ing cholecystectomy Hence a brief discussion of a simple, safe and very 
satisfactory method of determining these facts in every operative patient 
before they leave the hospital The advantages of such knowledge are 
obvious 

The ideal procedure is a roentgenologic study of the common bile duct 
made on the operating table, using contrast media — but this is raiely done 
(the immediate cholangiogram) This procedure will undoubtedly be m 
more common use in the near future It has, of course, certain disadvantages, 
but these are outweighed by its advantages It not only decreases trauma 
and the operating time in the doubtful case by showing the absence of 
calculi, and that the duct need not, therefore, be opened, but if stones are 
present it shows accurately their number, size and position Thus the im- 
mediate cholangiogram greatly reduces the incidence of secondaiy operations, 
with their higher morbidity and mortality rates Howevei, in those hos- 
pitals which have not the facilities for immediate cholangiography, such 
studies can be made at a later date on every patient — ^preferably before they 
leave the hospital — through a cystic duct diain introduced at the time of 
cholecystectomy (Cholangiography is always a wust procedure m all 
patients who have a mushroom cathetei in the gallbladdei oi a tube in the 
common duct) 

A small rubber catheter is placed m the lemaimng (proximal) cystic duct 
and securely tied with 40-day chiomic catgut If the diameter of the duct 
IS small it may occasionally be necessai}'' to cut the duct longitudinally before 
the catheter can be inserted, nhich was necessaiy in the case herein presented 
The introduction of the tube takes only a fen minutes longer than clamping 
and tieing the cystic duct stump because this entire area must be clearly 
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Fig I — A semidiagrminntic drawing to illustrate the position of the catheter in the reperi 
tonealized liver bed The sutures will close the opening over the ductal juncture Omental grafts 
should cover any defects in such a way that no bare areas remain 


Visualized before the gallbladder is removed, whether or not the catheter 
IS used The catheter is then bi ought to the abdominal wall in the reperi- 
tonealized bladder bed (? e , under the peritoneum) and makes exit from the 
abdominal wall through a small stab w'ound immediately above the point 
where the catheter leaves the hvei edge (Fig i) It may rarely be neces- 
sary to cover any bare areas w'lth an omental giaft, or a sleeve of omentum 
may have to be used to cover an) length of rubber wdiich is not retroperitoneal 
In this way the foreign body is completely retroperitoneal except for a 
shoit distance between the hvei and the abdominal -wall Adhesions are 
therefore minimized, nor does the cystic duct catheter produce excessive 
ductal secretion of mucus which may be a cause of symptoms following use 
of a T-tube An example of the clinical value of routine cholangiography 
through a cystic duct dram is seen in Figme 2 * 

* In those patients in which this procedure is not possible due to advanced disease 
and in which the common duct is not opened, the following is of value (This will be 
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The cystic duct tube can also be used for prolonged drainage and per- 
fusion The writer is among those who consider these methods of value, 
because he believes that cholecystopatJiy tvhich needs singical tieatment cannot 
be pjesent without involvement of the entiie hiliaiy system But the most 
important factor is the determination of the presence or absences of common 
duct calculi, either on the operating table or as soon after as possible 

Technic of Cholangiogiaphy — Serial cholangiograms are necessary for 
correct clinical interpretations Exposures are made after each injection of 
three cc of 35% diodrast (175 per cent has been found quite satisfactory 
m thin patients) Usually four or five injections are sufficient to fill the 
duct If tne duct is very large injections of five or ten cubic centimeters are 
used Two more exposures aie made at approximately two and 10 minutes 
after the inhalation of amyl nitrite By this method roentgenograms are 
taken during the filling and emptying phases Thus, negative or positive 
shadows are more easily detected, and the constancy of their contour more 
definitely known The latter is impoitant in ruling out artefacts All ex- 
posures before the duct is emptied should be made with the patient in the 
Trendelenberg position In this way the liver radicals will fill more easily 
and the dye will not leave the duct until it overflows Complete filling is, 
therefoie, more likely The evacuation roentgenograms (the emptying 
phase) are made m a partial Fowler’s position 

CONCLUSIONS 

Routine insertion of a small catheter into the cystic duct stump following 
cholecystectomy, for the purpose of performing cholangiography, is advocated 
Thus, it can always be determined, in every patient, whether or not calculli 
remain m the common duct The disadvantages of the procedure, to both 
patient and surgeon, are minimum, the advantages are maximum The 
catheter also serves other purposes, for example, drainage , perfusion, if, and 
when, necessary, and possible dissolution or fragmentation of a calculus if 
one IS found 
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INTESTINAL OBSTRUCTION DUE TO A GALLSTONE 
Robert Lewis Nition, AI.D 
Jamaica, N Y 
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New Huh N Y 

This repori of intestinal obstruction by gallbladder calculi is pre- 
sented because of the clarity of i oentgenologic demonstration and to add 
another verified case to the literature Of the 36 cases previously lecoided 
in vlnch roentgenologic examination vas made piior to opeiation, 22 
re\ealed visuali7ation of the biliary radicles Although this sign ^^as piesent 
on all the preoperative films, it uas not recognized until aftei con elation 
with the opeiatue findings 

Whene\er gallstones ha\e peiforated through the gallhladdei into the 
intestinal tract, there is usually a stoma sufficiently large to peimit the 
reflux of intestinal or stomach contents into the gallhladdei and biliary 
ducts Since a barium meal is usually contraindicated in intestinal ob- 
struction, the most common roentgenographic sign is the piesence of gas 
in the gallbladder or hepatic system 

The following signs have been recognized roentgenologically 

1 Air or contrast medium in the biliary tiact 

2 Complete or partial intestinal ohstiuction, as noted by distended 
loops of bow'el 

3 Visualization of the stone by a plain film, 01 by the ingestion of a 
barium meal, permitting the outlining of a radiolucent calculus 

4 Change m position of a previously observed stone 

Case Report — Hosp No 9467 M H, white, female, age 55, married, was 
admitted to the Memorial Hospital of Queens, Jamaica, N Y, April 13, 1942, with 
a history of upper abdominal pain and vomiting of six days’ duration The abdominal 
pain was constant, wnth intermittent exacerbations, and vomiting had become increas- 
ingly severe The patient’s health for the past few years had been generally poor, 
and she had been under treatment for hypertension, thyrotoxicosis, anorexia, and 
constipation, on various occasions She had had a rather severe episode of abdominal 
pain and vomiting about ten years ago 

Physical Evammatwn — ^The patient appeared critically ill, dehydrated, apparently 
m acute pain, and ivas vomiting dark brown material at frequent intervals The 
abdomen was generally distended, tympanitic, with a few distant borborygmi on 
auscultation There was marked tenderness, with rebound pain, throughout the upper 
abdomen, but no evidence of rigidity or palpable masses Temperature 97 2° F , pulse 
140, B P 140/100, respirations 30 R B C 5,700,000, Hb 112%, W B C "11,250, 
with 81% polys Blood sugaH— 200 mg , N P N— 360, chlorides— 300, Urine-^i-k 
albumin, 4-f sugar, negative acetone, 2+ indican, and numerous granular casts 

* Captain, M C , U S Army 
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Immediate replacement therapy of fluids, proteins, chlorides, and vitamines was 
started intravenously Gastro-mtestinal intubation was instituted, with continuous 
suction An initial plain film of the abdomen was taken, followed by the administra- 
tion of a small amount of thin barium mixture through the tube, and serial roent- 
genograms were taken After the roentgenologic examination the barium mixture 
was recovered by aspiration through the tube 

The patient’s geneial condition improved under supportive therapy and, on April 
l6, 1942, celiotomy was performed through a right rectus incision Exploration 



Pig I — RoentEienogratn showing stomach filled with barium, and the cholecysto 
duodenal fistula The gallbladder is outlined by calculi, and the biliary radicles are 
delineated bj the barium reflux 

revealed a round, obstructing calculus, the size of a large walnut, impacted, apparentb^ 
m the lower ileum The proximal small intestine was markedly distended, atonic, 
but of good color The ileum was incised longitudinally, and the obstructing calculus 
removed The intestine was closed transvei sely, without diminution m the size of the 
lumen There was almost immediate lestoration of peristalsis m the distal bowel 
Sulfanilamide was pow'dered about the site of the intestinal repair and into the general 
peritoneal cavity The abdomen w'as closed wnthout drainage 

The patient’s postoperative convalescence w'as uneventful with the exception of 
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the passage of 14 faceted calculi per rectum durincf the 48 horns postopciativc The 
paticnt\sa'; discharged Mar lo. iQ4-’ and has remained completely ^^cll to date 

Rofiifpciiolofnc R./'oif— The stomath rcrcalcd no intrinsic pathology The 
duodenal cap was markedly diUted md the hauum (lowed into a small sac (the gall- 
bladder) and then into the crstic duct and the hepatic radicles The gallbladder was 



Fig z — Roentgenogram (fire hour film) showing the great dilatation o£ the 
jejenum with the contained multiple, faceted, r idioluccnt calculi (arrows) 'llie 
cholecystoduodenal fistula is clearly outlined as well as the stones in the gallhl iddct 
and the one m the common duct just proximal to the sphincter of Oddi 

firmly attached to the first part of the duodenum, and contained several radiolucent 
faceted shadows, significant of cakuh The upper small bowel w/as greatly dilated 
(Fig I) 

After five hours there avas considerable gastric and duodenal retention of the barium 
The gallbladder and ductal system, including two intrahepatic radicles, were clearly 
visualized as well An oval, radiolucent stone could be demonstrated m the common 
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duct just proximal to the sphincter of Oddi Above this, the common duct was 
dilated The jejenum appeared three to four times its normal size, and contained 
approximately ii faceted, radiolucent stones (Fig 2) 

A 24-hour study levealed considerable gastric retention, and the remaining barium 
meal had progressed only slightly, and was still present in the upper small bowel A 



Fig 3 — Roentgrenogram (24 hour film) showing the distension of the proximal, 
small bowel, and the large calculus producing obstruction near the junction of the 
ileum and jejenum (arrows) 


definite communication between the gallbladder and the duodenal cap was visualized at 
this time In the right lower quadrant a large, oval, circumscribed shadow of 
decreased density, surrounded by a calcified rim of increased density was present 
Proximal to this apparent calculus the small intestines were markedly distended 
and contained the numerous other calculi (Fig 3) 

After a period of 30 hours, there had been no progress of the barium meal, indi- 
cating, apparently, a complete obstiuction at a level of the proximal ileum The large 
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calculus did not appear to ha^c changed its position in comparison with the previous 

studv (Ficr 4 / 1 T* 

At operation, the large calculus which produced the obstruction was removed Figure 

5 shows the calculus rcmoAcd, surrounded bj 15 faceted stones, wdneh were passe 
per rectum 



Fig 4 — Roentgenogram (30 hour film) showing the large calculus again visual 
ized, with Its outer, calcified ring (arrows) 


SUROIARY 

This report of an instance of intestinal obstruction due to gallstones, 
resulting from a cholecystoduodenal fistula, illustrated the value of an 
early diagnosis, determined roentgenologically With the proper technic, 
and serial observations, it is possible, m many instances, to localize the 
exact point of obstruction for the surgeon Furthermore, the utilization of 
intestinal intubation contributed materially to the management of this case 
(i) By enabling decompression of the intestinal tract preliminary to 
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definitive operative tieatment of the obstruction, and (2) by permitting 
the administration of a small, thin barium mixture for roentgenographic 
identification of the natuie and location of the obstructing agent, followed 
by the safe, easy lemoval of the barium mixtuie through the tube 



Fig s — P hotognph, in the center of winch is the large calculus. remo\ed at operation, winch 
produced the obstruction and which is surrounded by the smaller faceted calculi which were passed 
per rectum following operation 
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RESULTS OF GALLBLADDER SURGERY IN DIABETES MELLITUS 

Harold E Eisdlr, AI D 

St Louis, Mo 

FROM THE CEORCr F RAKER CLINIC, NEW ENGLAND DEACOM SS HOSPITAL BOSTON, MASS , 

ELLIOTT P JOSI IN, M D , MEDICVL DIRECTOR 

SncNiY-six diabetic patients have had gallhladdei surgeiy in this clinic 
during the i6 3 ears from 1926 through 1941 The incidence of gallhladdei 
disease in the diabetic has been lepoited in several laige series and no 
attempt vill he made here to extend these data On the othei hand, 
little information has been formulated about the lesults of gallhladdei singer}^ 
m the patient with diabetes Because infoimation about these 76 patients, 
both preoperativelv and follow-up, is almost entiiely complete, these data 
ma} be found valuable to the plnsiciau who advises opeiative tieatment 
of gallbladder disease m the patient with diabetes, paiticularl}^ in consideia- 
tion of the question of (i) aii}’^ gieatei operatne risk, (2) of the effect 
that the operation may ha\e upon the diabetes, and (3) of wdiether or not 
diabetes will tend to favor the peisistence of biliary tiact infection that 
would m a normal person subside 

The problem of adequate nutrition and dietai}" legulation for the diabetic, 
alread} somewhat of a task foi both physician and patient, meets a sub- 
stantial vjipassc w’lth recurrent episodes of biliary colic and gastro-intestinal 
upsets, and it is the sick, bewildered patient, fiequently m hypoglycemia 
or acidosis wdio w’aits for spontaneous relief but finally eomes into the hos- 
pital for surger}'' 

Dr Leland S IMcKittrick performed the operations upon all the patients 
in this series except two B3" viitue of a single opeiatoi, the error inherent 
in variation of approach and technic is avoided The medical management 
has been in the hands of members of this clinic 

Classification of this senes is made undei the headings cholecystitis, 
cholelithiasis, choledochohthiasis, cholelithiasis with complications, infectious 
cirrhosis of the liver, and neoplasms of the gallbladder 01 pancreas In Table 
I are the compiled data of the 76 diabetic patients w'ho have had gallhladdei 
surgery piior to January, 1942 Sixt3^-five aie benign gallhladdei disease, 
one IS infectious cirrhosis of the livei, two are caicmoma of the gallhladdei, 
and eight are carcinoma of the pancreas 

Analysis of the data in Table I show' that 83 per cent of those coming 
to operation are w'omeii, the average age at operation is 58 yeais The 
duration of diabetes before operation is fiom one month to 25 yeais for 
primary gallbladder disease, excluding caicmoma, the aveiage duration of 
diabetes before operation is five years The youngest patient is age 14 
Tw'o were operated upon at the age of 79 , one of these (Case 40) is a man 

* Fellow in Medicine, George F Baker Clinic, New England Deaconess Hospital. 
Boston, Mass , July, 1941-July, 1942 
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who had diabetes for 23 years prior to the development of gallbladder 
symptoms, and he came to operation complaining of pain, nausea, vomiting 
and jaundice A cholecystectomy and choledochostomy were perfoimed, 
he had an uneventful recovery, there was never recurrence of his symptoms, 
and four years later he died at the age of 83 with pulmonary tuberculosis 
The other patient (Case 45) who was operated at age 79 had symptoms 
of gallbladder disease which developed at age 71, concomitant with his 
diabetes , a cholecystectomy and choledochostomy were performed, and three 
jears later, in January, 1942, at the age of 82, he was alive and asymptomatic 
Empyema, gangrene, hydrops of the gallbladder, biliary tract perforation 
and pancreatitis are included as complications of benign gallbladder disease 
There are 14 patients (22 per cent) in this series who came to operation 
with such complications Hydrops of the gallbladder appeared three times, 
empyema twice, empyema and gangrene of the gallbladder once, partial 
or free perforation of the biliary tract nine times The operative mortality 
foi the entire series is in this group of patients with gallbladder disease and 
its complications, except for one patient (Case 36), a 77-year-old man with 
common duct stones Apart fiom the immediate mortality (14 per cent), the 
results 111 patients with complications are 100 per cent good for permanent 
relief of symptoms (one patient is exempt because follow-up information was 
not obtained at the tune of writing this papei) 

Perforation of the biliary system by calculi occuiied in nine of 65 
patients coming to operation without neoplasm, or 14 per cent Five of 
the nine were partial perfoiations, four were free perforations Three 
of the perforations were in acutely inflamed gallbladders Three were 
m gallbladders with emypema This relatively high incidence is in agree- 
ment with the well known fact that the diabetic patient cannot limit 
infection normally Commonly quoted statistics in all biliary tract disease 
are one to three per cent perforation, in contrast to the 14 per cent 111 
this series Eliason and McLaughlin® quote, without mention of the 
presence or absence of diabetes, the incidence of perforation as o 9 per 
cent to 2 5 per cent in 6,816 cases reported by five authors In 775 
gallbladder cases of Eliason and McLaughlin there were 17 (two per cent) 
who perforated, one of these had diabetes Heuer® reports an incidence 
of 26 per cent perforation in acute cholecystitis in nondiabetic patients 

Operative mortality for the entire group is 3 9 per cent , for those with 
benign gallbladder disease alone it is 4 6 per cent , this includes acute and 
chronic cases and those with complications McKittrick^ has recently 
reported data on all his surgery in both diabetic and nondiabetic patients 
with nonmalignant gallbladder disease The majority of these were operated 
upon at hospitals other than the New England Deaconess Hospital Opera- 
tive mortality in these cases was 62 per cent for 81 diabetic patients, and 
3,1 per cent for 286 patients without diabetes Rabinowitch^ reports an 
operative mortality of four per cent in 50 diabetic patients with chronic 
gallbladder disease 
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The results of opei alive treatment of nonneoplastic gallbladder disease 
in the diabetic patients reported in this series compare favorably with those 
in the nondiabetic Complete lelief of symptoms was obtained in 77 per cent, 
partial relief in 12 per cent, and no relief m ii per cent Those who were 
alne m Januar), 1942, had sunived opeiation from one to 14 years, an 
a^erage of fne and one-half }eais, and, m 1942, their average age is 63 
)ears Those who sunnied opeiation but nho ncie dead in January, 1942, 
from any cause, lived an aveiage of six years aftei operation, and died at 
an average age of 70 Fonler* reported, m 1933, the end-results in the 
operatne treatment of 979 cases of gallbladder disease in nondiabetics , 
complete relief of symptoms ^\as afforded m Si 8 per cent, partial relief m 
10 5 per cent, and no relief 111 7 7 per cent 

Of the 13 operative failures, nine, or 70 i>er cent, had demonstrable gall- 
bladder stones and concomitant cardiac, ps} choneui otic, or gastric symp- 
toms, subsequent to operation, it is now conservatively estimated, that 111 
SIX of these nine failures the primary complaint was extrabihary m origin 
Prognosis must be guarded for operative treatment in the diabetic who 
sho^^s evidence indicating coionaiy heart disease Five of the 13 failures in 
this series had arteriosclerotic 01 hypertensive heart disease which, m the 
light of subsequent findings on follow -up examinations, was clearly the chief 
source of the patients’ complaints Root, Bland, Goidon and White'* have 
shown that coronary occlusion m diabetics o\er age 50 is three to eight 
times that m the nondiabetic With this in mind, one must pay particular 
attention to the cardiac status of the diabetic patient, and attempt to make 
proper evaluation of both the biliary and cardiac systems for determination 
of that part wdiich each may contribute to the patient’s symptoms McKit- 
trick'^ states that he can see “no indication for surgery in the so-called 
cholecystitis ivithout stones Only once or twice m a surgeon’s career 
does he see, at operation, true infection of the gallbladder in the absence 
of stones Results following cholecystectomy in nondiabetic patients for 
so-called cholecystitis without stones are too uncertain to justify this 
procedure in the diabetic patient” 

This study does not bear out the postulate that eradication of a diseased 
gallbladder will either heal or lessen the severity of tlie diabetes, as measured 
by the insulin requirement one year befoie and one year after operation, 
provided all else remains as constant as possible in the life’s habits of this 
clinic’s diabetic patients Considering 56 patients who had benign gall- 
bladder disease with calculi, and who are suitable for comparison, the average 
insulin requirement one year before operation, w^hen it is likely that the 
stones and associated bladder changes were present, was precisely the 
same as that one year after operation, namely, 21 units 

One unusual case has been excluded from the averages because the 
degree of insulin resistance was so great during the period prior to opera- 
tion, and immediately thereafter, that her case stands apart from the rest 
of the series and, therefore, has not been included m the averages This 
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RESULTS or GALLBLADDER SURGERY IN DIABETES MELLITUS 
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49 a® 52 4 2-f--|-00 0 

63a®dS18 2 -f- -j- ■+• 0 0 

57 a® 59 5 0 -1- -f -f 0 0 

37 a® 40 12 1 0 -f- -f- 

84 a® 87 19 14 -}- -f- 0 0 

52 a® 57 8 4 mos 0 -f -f 0 0 

54 died 8 i -f -f q — — ■ 

postop 

52 a® 53 10 9 -j- -f 0 0 0 

44 a® 47 7 1 -f- + 0 0 0 

68 d® 70 20 5 -f -f 0 0 0 

58 a® 58 9 mdef -f 0 0 0 

57 a® 59 9 7 + -f o 0 0 

63 d@ 68 25 20 -f -f 0 0 0 


0 10 10 

0 0 0 

0 0 0 

0 20 40 

0 0 0 

0 8 8 

0 10 10 

0 0 0 

0 67 120 

0 0 0 

0 24 12 

— 24 — 

0 60 48 

0 40 50 

0 24 24 

0 16 8 

0 56 20 

0 0 0 


59 M Cholelithiasis Cholecystectomy 
empyema &. par- 

tial perforated G b 

t Operated upon by Dr Frank H Lahey 


55 died 
postop 


0 16 
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Case Sex Diagnosis 


Table I — (Continued) 

RESULTS OF GALLBLAUDER SURGERY IN DIABETES MELLITUS 


Operation 


Age Alive 
at or 
Oper Dead 


O'' 


2-2 
3 S 

OQ 

Yrs 


ffi m 

HE 
CJ o 

u-U) 

o 

r.Xl 

50 

“I aj 


Pjo 

Yrs 


INSULIN 

RE- 

QUIRE 

SYMPTOMS MENT 

Before After One 

Operation Operation Year 



60 


61 

62 

63 

64 

65 

66 


67 

68 

69 


70 

71 


72 

73 

74 


75 

76 


r Cholelithiasis Cholecystostomy 58 a® 63 21 9 + -f 0 

empyema & gan- 
grene of Gb with 
perforation 

F Cholelithiasis em Cholecystostomy 78 a® 84 7 1 + + + 

pyema & partial 
perforation Gb 

F Cholelithiasis with Choledochostomy 61 d® 69 12 indef -F 0 0 

perfor & abscess 

M Ac Cholelithiasis Cholecystectomy 69d@ 72 5 2 O-F-h 

choledochohthiasis, and 

with perforation Choledochostomy 

F Cholelithiasis and Cholecystectomy 73 d® 73 18 0 -f -f- -f 

sub ac pancreati- and 

tis Choledochotomy 

F Cholelithiasis and Cholecystectomy 56 a® 63 23 16 -h -F 0 

sub ac pancreati- and 

tis Choledochotomy 

M Cirrhosis of liver Cholecystogastros- 52 a® 65 16 mdef 0 -f 

infectious tomy 


0 0 0 

0 0 0 

0 0 0 

0 0 0 

(for two years) 

? ? ? 

0 0 0 

0 0 0 


24 


0 

0 

18 

IS 

22 

0 


24 


0 

0 

12 


22 

0 


r Carcinoma of Gb Cholecystectomy 
& cholelithiasis and 

Choledochostomy 
M Carcinoma of Gb Cholecystostomy 
and cholelithiasis and 

Choledochostomy 
F Carcinoma of pan- Cholecystostomy 
creas and chole- 
lithiasis 


F Carcinoma of pan- Cholecystogastros 
creas and chole- tomy 
hthiasis 

F Cholelithiasis with Cholecystostomy 
? carcinoma of pan- and 
creas Choledochostomy 


F Carcinoma of pan- Cholecystogas- 
creas trostostomy 

F Carcinoma of pan- Choledochoduo- 
creas denostomy 

F Carcinoma of pan- Choledochoduo- 
creas denostomy 


M Carcinoma of pan- Cholecystogas- 
creas trostomy 

F Carcinoma of pan- Cholecystogas- 
creas trostomy 


NEOPLASTIC Duration Postoper until 

Return of Symptoms 


55 d® 58 

4 

3 

-t- 

-f- 

+ 

20 0 20 

0 

0 



mos 




mos mos 



66 a® 69 

3 

0 

0 

-p 

-h 

0 0 31 

12 

16 







mos 



52 d@ 53 

7 

1 

-h 

-f 

+ 

+ + ? 

42 

? 

mos 

mo 




Died 7 mos 

after 

onset 







symptoms 









Died 11 mos 

after onset 







symptoms 



68 d® 69 

2 

9 

0 

-h 

+ 

6 7 8 

30 

18 



mos 




mos mos mos 



69 a® 69 

1 

1 

0 

0 

+ 

0 0 0 

28 

20 







Postoperation 

— 6 mos 







Died 5 mos 

after 

onset 







symptoms 



64 d® 65 

1 

8 

0 

■h 

-1- 

7 ? 0 

— 

— 



mos 




Died 24 mos 

after onset 







symptoms 



45 d@ 47 

30 

8 

+ 

0 

+ 

10 ? 16 

25 

16 

mos 

mos 



mos mos 



58 d® 58 

2 

1 

+ 

+ 

+ 

3 3 5 

IS 

? 


mos mob mos 

Died 9 mos after onset 

symptoms 


67 

d@ 68 10 
mo= 

4 

mos 

-1- 


+ 

7 ? ? 15 ? 

Postoperalion — 8 mos 

70 

a® 71 1 

6 

mos 

0 

0 

-1- 

0 0 0 _ _ 
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Numljcr 1 

patient, a woman of 64 }eais (Hosp No 19110), developed insulin le- 
sistance duung the fi\e months piecedmg opeuition foi common duct stones, 
wdien she had jaundice constantl}, such that she leqmied 300 to 400 
units of insulin a day before opeiatioii and actually lequued 1000 units 
of insulin each da) dm mg a biief peiiod following opeiation How^ever, 
during the next month, the insulin icquiieincnt lapidl) declined, and tw^o 
)ears after opeiation she was sugai-fiee, with noimal blood sugars, without 
any insulin wliatsoeiei Although we cannot dismiss the influence of 
chronic jaundice and obstUiction by stones m the common duct m pioducing 
this extiaoidmai}’’ degree of msiilm icsistance, the exact 1 elation between 
the jaundice and the insulin lebistance is not entnel) cleai 

The question has often been laised whethei patients who suffer jaundice 
eithei because of toxic damage to the luet 01 infectious hepatitis are likely 
later to deielop diabetes In clinical expeiience it is sometimes difficult to 
relate jaundice to diabetes, especial!) since cases of cnihosis of the liver 
with jaundice not uncommonl) show a 1 emission of the diabetes Glucose 
tolerance cur\es will often show cuiious dneigcnces dm mg jaundice, some 
being low and some showing elerations of the diabetic t\pe Raab and 
Strauber*^ compared the glucose toleiance cuives of 12 normal peisons, 
12 diabetics and 10 patients wnth paicndninal jaundice They showed 
that both after glucose and aftei adrenalin, the blood siigai 1 espouse in 
diabetes and paienchjmal jaundice aie similar Soskm, Allweiss, and Mirsky"* 
demonstrated that m a depancieati?ed dog icccivmg a constant injection of 
insulin plus dextrose, just sufficient to maintain the blood surgai at a constant 
level, the dextrose tolerance cuiwe becomes definitely diabetic in type after 
administration of diphtheria toxin, then mteipietation is in teims of liver 
function wnth toxemia 

One patient (Case 66) wuth a clinical and laboiatoiy diagnosis of dia- 
betes developed jaundice and gastio-intestmal complaints wdneh w^ari anted 
operative treatment Exploration levealed no primaiy biliaiy tiact disease, 
but an infectious cinhosis of the hvei A cholecystogasti ostomy w'as pei- 
formed, and since then he has been asymptomatic His diabetes has nevei 
been seveie enough to lequire insulin eithei befoie 01 following opeiation, 
and m January, 1942, 13 yeais aftei his opeiation, he has gotten along 
well on dietary legitnen alone One would question that this man had true 
diabetes The point to emphasize is lestatement of the fact that a diagnosis 
of true diabetes in association with wdiat is appaiently gallbladdei disease 
should not be accepted unless glycosuiia and peisistent hjpeiglycemia aie 
present 

If it is tiue that jaundice is likely to affect the seventy of diabetes or 
to cause diabetes then it should be tine that patients in this senes of 
gallbladder cases, wdio have had jaundice on one 01 moie occasions, should 
show in the latei couise some evidence of this eftect Theie are 15 
patients in this series wdio w^eie jaundiced one 01 nioie tunes before 
operation, and wdio are subjects for comparison of then insulin lequiie- 
ments one year before and one yeai aftei opeiation Like those wdio did 
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not show jaundice, these 15 patients required on the aveiage, no more or 
no less insulin before opeiation than after operation, namely, 14 units 
This total average insulin dose is considerably smaller than that required 
for those who weie not jaundiced (14 units veisiis 21 units) and repre- 
sents, on the whole, a group with less severe diabetes than those without 
jaundice | j^| 1^ 

Cholecysto-enterostomy, with caicinoma of the head of the pancreas, 
and lemo-val or drainage of the gallbladder, with a neoplasm of that 
structuie, afforded palliation not only of jaundice but frequently also of 
pain for as long as three to ten months in carcinoma of the pancreas 
head, and even longer m carcinoma of the gallbladder The diabetic’s 
course m this respect is essentially no diffeient from that of the non- 
diabetic Five patients with carcinoma of the pancreas who were operated 
upon for release of common duct obsti uction and who were dead in 
January, 1942, lived an average period of ii months after the first appear- 
ance of symptoms referable to that disease 

CONCLUSIONS 

1 The lesult of surgical tieatment of gallbladder disease in the patient 
with diabetes is equally as good as m the patient without diabetes 

2 Complete relief of symptoms was afforded in 77 per cent of 65 cases 

with benign gallbladder disease, partial relief in 12 per cent, and no relief 
in II per cent. I ij 4|j*| 

3 Operative mortality for the entire series, including benign and 
malignant lesions, is 3 9 per cent For those with benign gallbladder 
disease, including acute and chronic lesions and complications, the operative 
mortality is 4 6 per cent 

4 The eradication of a diseased gallbladder will neither heal nor lessen 
the severity of diabetes, as measured by the insulin requirement one year 
before, as compared with one year after operation 

5 The presence or absence of jaundice m the diabetic patient with benign 
gallbladder disease does not affect the severity of the diabetes subsequent to 
successful operation 

6 The incidence of complications in benign gallbladder disease is con- 
siderably greater in the diabetic than in the nondiabetic Twenty-two per 
cent of the benign gallbladder lesions came to operation with complications 
which included hydrops, empyema, gangrene, perforation and pancreatitis 
Except for the immediate operative moitality in the group (14 per cent), the 
lesult of surgical treatment was excellent 

7 Perforation of the biliary system by calculi occurred in 14 per cent 
of all patients with benign gallbladder disease coming to operation Two- 
thirds of the perforations were in acutely inflamed or emypemic gallbladders 

8 The patient with- gallstones should be “operated upon when the condi- 
tions of time, place, surgeon and physician are propitious ” The indication 
for operation must be based upon the dangers incident to gallstones in the 

114 



^ouimc ns GALLBLADDER SURGERY IN DIABETES 

^umbe^ 1 

nondiabelic, the gieatei susceptibiht} to pcifoiation and the gieatei liability to 
aitenoscleiobis in the diabetic 

9 The indication and lesults of siiigical treatment of the diabetic 
patient with an obsti active malignant lesion of the gallbladder or pancreas, 
IS essential!} the same as m the patient without diabetes Maiked diminution 
111 insulin lequiiement will sometimes be seen in patients wnth these lesions, 
and 111 obsti active jaundice following opeiative lelease of the obsti action 
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ABSORBABLE COTTON, PAPER AND GAUZE* 

(oxidized cellulose) 

Virginia Kneeland Frantz, M D 
New York, N Y 

FROM THE DEI ARTMENT OF SURGERY AND THE SURGICAI PATHOLOGY LABORATORA 
COLLEGE or PHYSICIANS AND SURGEONS, cor UMBIA UMVERSITA, NEW YORK N A 

For at leasi thirty years, hi the Department of Suigeiy of Columbia 
University, there has been a continuing interest m the possibility of finding a 
lelatively nomiiitating, absoibable material Many chemical products were 
tested, but few offered enough piomise to justify furthei investigation Re- 
cently (1935) Dr Hans Clarke, of the Depai tment of Biochemistiy, suggested 
polyvinyl acetate, which proved nonabsoibable in its fully esteiified condition 
and too irritating after paitial or complete hydrolysis In 1941, he pioposed 
a tiial of oxidized cellulose which had just been jDrepared b)'^ Kenyon, and 
his collaborators-’^ (U S Pat No 2,232,990), Eastman Kodak Research 
Laboi atones t 

The expel iments here desciibed, though less extensive than could be 
desired, are now leported, in view of the mteiestmg and impoitant lesults 
secured with the same material by Dr Tiacy J Putnam,'^ of the Depart- 
ment of Neuiology 

To the surgeon it is of some interest whethei such a pioduct is in the 
foim of cotton, gauze 01 paper The material first investigated was in the 
foim of cotton, later, some oxidized paper, prepaied by the same method, 
was secured, also thiough the kindness of Di Kenyon This i\as in response 
to oui desire for a nomiritating absorbable membiane which might be used 
to fill defects 111 such mesodermal structuies as tendon sheaths and blood 
vessels The cotton natuially suggested the possibility of hemostasis with 
a packing which would not have to be lemoved This idea has been fuither 
extended to embrace oxidized gauze 

The mtioduction of these mateiials into the tissues of animals was, 
theiefore, undertaken The product used had been prepared by oxidizing 
long-fibered cotton with nitrogen dioxide foi seven hours It had the 
appearance of ordinal y suigical cotton, slightly off white, and somevhat more 
friable It was, as reported by Yackel and Kenyon,- soluble in dilute aqueous 
alkalis because of extensive carboxyl group formation during oxidation It 
was, theiefore, thought that the product should also be capable of giadual 
dissolution in the tissue fluids in contact vith relatively undamaged tissue 
It did not withstand sterihzaton in the autoclave, but it kept its tensile 
stiength when boiled in natei foi three minutes The sterilization so obtained 

Submitted for publication April 30, 1943 

t The writer wishes to express her appreciation of the information regarding this 
substance communicated by Dr Kenyon, in ad\ance of publication (1942) 
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dumber 1 

IS obMoush not enough foi use in human suigeiy, since spoies would iiot 
be destioied In this inetliod. but if the mateiial should piove useful this 
difficult! might be o!eicome, possild-! In piepaiation and packing under 
sterile conditions 

Ten samples of oxidi/ed papei weic a\ailable a !eai latei These had 
been oxidi/ed (-V) i houi , (B) 2 houis, (C) 3 houis, (D) 4 houis, 
(E) and (F) 5 houis, (G) 21 houis, (H) 29 houis, (I) 45 houis, and 
(K) 69 houis The longei the oxidation the gieatei nas the shiinkage 
of the papei fioin its oiiginal si/e. the gieatei the biittleness and surface 
glazing and the less the tensile stiengtli, although the fibei sliuctuie was 
gross!} maintained !Mici oscojncalh , ho\\e!ei, possibh thiough fuither 
degiadation in the piocess of paiaffin embedding and staining, the fibei s of 
the cotton and gauze do not ha!e the usual glass} appeal ance nith cential 
canal seen in unoxidized mateiial, but appeal as homogeneous eosinophilic 
bands, difficult to distinguish fiom coagulated piotein 

Piehminan expeiiments suggested that the moie highly oxidized samples, 
which weie moie acid, wcie moie nutating to the tissues and as aftei 
boiling, these samples toie ven leadily when wet, sample H, I and K weie 
soon discaidcd Sample G 21-houi oxidation was used in the first senes, 
since It was thought that the less oxidized samples might not be absorbed 
Later, howe!ei thiough a chance selection it was found that sample D was 
absorbed and this aftei only foui -houis oxidation, had consideiably more 
tensile stiength than sample G The papei s kept for a yeai at room tempeia- 
ture in the laboiaton continued to change slowl}, and samples G thiough 
K at the end of that time were so buttle and paicbment-hke that they could 
no longer be used 

In the fiist group of experiments the cotton, seven-houi oxidation, 
was intioduced into the abdominal muscles of cats and dogs This, as 
was the case in all of the piocedures, was done wuth the animal under 
nembutal anesthesia, and with stiict asepsis maintained The abdomen 
was opened through a right rectus incision, and the parietal peiitoneum 
over the transversahs exposed b} gentle reti action It was then incised, 
and a pocket made in the muscle by blunt dissection The sample, a fiag- 
ment about 4x3x2 111111 , w as introduced The pocket ivas closed b} 
a black silk suture m the peiitoneum and fascia, placed at some distance 
away fiom the implanted cotton The iniplantation ivas also as far as 
possible from the incision in the abdominal wall, to avoid risk of skin con- 
tcuninatioii Some of the amiiials employed w ei e those used 111 the iiiti o- 
ductory course in Second \ ear Surgery, and had, in addition to the deliberate 
mtioduction of the expei iinental foreign bodies, other procedures m the 
abdominal cavity These, hoivever, were clean operations Nevertheless, 
the dangei of contamination in this group !vas consideied gi eater than in 
those done without the presence of numeious observers and ivith unskilled 
assistance The lesults aie shown in Table I It wall be seen that in eight 
cases, at and after four w eeks, the cotton w^as absorbed, wnth varying degrees 
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Table I 

OXIDIZED COTTON IN MUSCLE — SEVEN-HOUR OXIDATION 


SPNo 

Days 

Absorption 

Reaction 

Comment 



Gross 

Microscopic 



20121 

4 

0 

0 

0 

Animal dying 

20129 

9 

0 

0 

Polys Mild 


20050 

14 

dc 

=h 

F B Mild 


19093 

28 

+ 

+ 

Scar tissue 

Class * 

19094 

28 

+ 

± 

F B Very mild 

Class Tiny fragments microscopic- 






ally 

19095 

28 

+ 

+ 

Polys Abscess 

Class Abscess around suture 

19096 

28 

+ 

+ 

Polys Intense 

Class Abscess around suture 

19110 

28 

+ 

+ 

Polys Intense 

Class 

19112 

28 

+ 

+ 

FB Mild 

Class Polys around suture 

20613 

35 

+ 

+ 

Scar tissue 

Suture in scar 

20614 

35 

+ 

+ 

r B Moderate 



of foreign body reaction and phagocytosis Solution, in the true sense, is 
likely to be retarded in the piesence of damaged tissue, where the buffering 
power of the fluids is i educed The lack of reaction in the foui-da)’^ test (Fig i) 
■\\as thought piobably due to the fact that the animal was failing steadily and 
perhaps was unable to produce any tissue response to the irritant 



Fig I — S P No 20121 Photomicrosrapli Oxidized cotton in muscle, 
four days No reaction This shows the appearance of the material when 
it has not been altered by the tissues, but after paraffin embedding, section 
ing and staining 

In one case, S P No 19094, a few micioscopic fragments w'ere found 
surrounded by giant cells In the 14-day case there w^as partial absorption 
grossly and microscopically There w^as in eveiy case difficulty of distinguish- 
ing between a tissue reaction which might have been due to the cotton and 
that obviously expected from the presence of the black silk suture The 

* W'here ‘‘Class ’ appears m Tables I and II, it refers to an animal used in class instruction 
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Kumber 1 

suture \\as, of couise, necessaiy foi Uvo leasous Fust, to insuie tlie sealing 
of the mateiial in the pocket in the muscle, and, second, to maik the site 
The papei which was intioduced into the muscle was sample G, oxidized 
21 houis Four of these animals weie those m w^hich the cotton had been 
introduced on the opposite side It will be seen fiom Table II that in all 
but two of the seven implantations the papei w^as absorbed The fiist case 
was that of the animal who Ined onl} foui days The othei was one of thiee 
animals, used also foi class study, and sacuficed at the end of 26 days The 
bulk of the material had been absoibed m this case, and what lemamed w'as 
microscopically fiagmented The nme-da) absoiption w'as a sui prise, and 
It IS possible that the w rong plane of section may have been taken, since the 
paper w'as \ery thin None was seen giossly, how’cver, on tiansillumination 

Tvblc 11 

oMDizro p\rrR is mliSCLP — 21-noUR osidatios 


SP No 

Da\s 


Absorption 


Reaction 

Comment 



Gross Misco'copic 




20121 

4 

0 

0 

0 


Animal dying 

20129 

9 

+ 

+ 

r n 

Mild 


201SO 

14 

+ 

+ 

FB 

Verj' mild 


20342 

26 

+ 

+ 

F B 

Mild 

Class Poly'S around suture 

20343 

26 


0 

r B 

Mild 

Chss F B reaction around suture 

20344 

26 

4- 

+ 

r B 

Mild 

Class 

20613 

35 

4 - 

+ 

r B 

Very mild 



Further detailed work is obviously desiiable to determine as neaily as 
possible the usual absorption time, but it is clear that the mateiial is absorbed 
and that it excites a foreign body reaction w Inch is not necessai ily excessive 
Again, It should be emphasized that the moie the tissue damage, by opeiative 
trauma or bacterial action, the gieatei the inflammatory reaction and possibly 
the retardation of true solution of the mateiial in the less alkaline medium 
The next tissue investigated w'as brain, w ith the idea of the possible value 
of the cotton m hemostasis We are indebted to Dr James G Galbraith 
for the meticulous care wnth wFich he introduced this material into the 
parietal lobes of cats Through a midline incision in the shaved scalp the 
right temporal muscle w'as retracted and a trephine opening was made in 
the right parietal bone This was enlarged by rongeur to i 5 cm in diameter 
A linear incision w^as then made in the dm a over the posterior pait of the 
cerebral hemisphere and, wuth a bayonet forceps by blunt dissection, the 
cortex w'as split A No 19-gauge cannula w^as introduced into the biain, 
anteriorly and medially, to a 15-mm depth, and a small bit of oxidized 
cotton, 4x3x2 mm , w^as expiessed into the subcortical white matter The 
dura w^as closed by mtenupted, fine silk sutures, and the w'ound in layeis 
w'lth interrupted silk One case w^as controlled by also introducing, some- 
what posteriorly, a piece of temporal muscle of about the same size as 
the cotton 

The results of these experiments may be seen in Table III In S P Nos 
21218 and 21219 the cotton had been soaked in soluble thrombin^ provided 
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Tvblf III 

OXWIZCD COTTOV IN jm\rN — RICin PARIHTAL LOJiE — SEVEN HOUR OXIDATION 


SP No 

Da% s 


Absorption 

Reaction 

Comment 





Gross Microscopic 



20576 

10 

rfc: 

0 

I'B Mild 


21326 

18 

+ 

± 

r B Intense 


21327 

18 


± 

r B Intense 


21320 

21 


0 

Polys Necrosis 


21321 

21 

4* 

± 

r B Mild 


20698 

42 

+ 

+ 

r B Mild 


21218 

43 

+ 

+ 

Inflani Trace 

Soaked in thrombin Muscle control + 

21219 

43 

+ 

+ 

r B T race 

Soaked in thrombin 


by Di Tiacy J Putnam of the Department of Neurology In these two cases 
there A\as less leaction to the damage than in any of the others Both were 
43 days aftei opeiation It will he seen that in all instances there was some 
tissue leaction (Fig 2), hut this A\as mild in five out of eight, and was 
also elicited by the muscle implant Ahsoiption was incomplete at ten days 
All thiee six- week cases showed complete ahsoiption In the 18- to 21 -day 
peiiod theie vas some vaiiation Unfoitunately no foui-week cases were 
done in this gioup, hut it can he said that the mateiial is absoibed in the 
biain some time between thiee and six weeks, is not unduly irritating, and 
provokes a minimum of ghal reaction All these animals lecoveied well 
fiom the pioceduie after a few days of lethargy, and shoved no focal 
nor geneial signs immediately befoie autopsy 

In five instances oxidized papei vas tested in 1 elation to the dura Four 



Fig 2 — S P No 20698 Photomicrograph Oxidized cotton in brain, 42 da>s 
None of the material remains No poljmorphonuclear leukocjtes present A few hemo 
sidenn laden phagocytes and slight glial proliferation 


* Muscle Implant Control Muscle had been absorbed Reaction the same as to the paper j c hemosiderin 
in phagocytes slight glial proliferation no multinucleated giant cells 
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SP No 

Dl\ b 

^izc in Mm 

20697 

42 

10\ 10 

21218 

4 I 


21219 

4 1 


2U27 

18 

2^ > 

21321 

21 

2 \ > 


1 \ni r IV 

oNinizi i> I’M'i iv — suunuK \i 
Absorption 


Hours 


Oxiditioii 

Gross 

Microscopic 

Reaction 

Coinment 

21 

+ 

+ 

rn Mild 


4 

+ 

+ 

r I? Mild 

3 min gap in closure, 

4 

+ 

+ 

r H Mild 

dura 

OMPIZI 

4 

I> 1' \PI R- 

J- 

— 1 I 11IV31 M 

J- 

Abscess 

Bone wax 

4 

+ 


r B Mild 



o{ these anunnls weie those lu which the cotton pledget liad also been put 
m the biain In thicc cases tbe papei was placed on the surface of the 
brain twice o\ei the punctuie wound at the site of the cotton intioduction, 
and once on the uninjuied surface The dm a was then closed ovei the 
material with fine niteiiupted sutuies In two cases the papei w'a^ placed 
on the suitace of the dm a o\ei the opening which had not been sutuied, 
thus inakinir the closure in the wound In both of these cases the animal 

o 

also had the hi am wound 

As will be seen m Table IV no papei was lound m the tbiee cases where 



Fig 3 — S P No 21218 Phofomicrograpli Oxidized paper, subdural, 43 dajs No material 
remains lew phagocjtes present 

it had been placed betw'een the brain and the dura The incision m the 
dura w^as cleanly healed, theie was no adhesion between the brain and the 
dura, and both surfaces w^eie smooth and glistening The disappearance 
was grossly complete Microscopically, theie w^eie no polymorphonuclear 
leukocytes piesent and no multmucleated giant cells, but theie w^ere phago- 
cytic mononuclear cells m the dm a, often laden wnth hemosidenn (Fig 3) 
In the two cases where the dura had not been closed, and the paper 
placed over the defect, there w^as clean wound healing m one, but in the 
other there was an epidural collection of thick reddish-browm exudate m 
winch gross pai tides of bone w^ax weie seen Microscopically, no paper 
was recognized m either of these instances, but there w^as a foreign body 
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Table V 

OXIDIZED PAPER IN J.NEE JOINT — FOUR-HOUR OXIDATION 
Abborption 


SP No 

Days 

Size m Mm 

Gross 

Miscoscopic 

Reaction 

Comment 

21326 

18 

S\3 

+ 

+ 

FB Mild 

Trichinae 

21327 

18 

Sx3 

+ 

0 

FB Mild 


21320 

21 

3x3 

+ 

+ 

F B Very mild 


21321 

21 

5x3 

+ 

+ 

F B Very mild 



reaction which might have been due to the material, but also might 
have been associated with the bone wax The repaired deep surface of 
the dura was smooth, however, and there were no adhesions between this 
and the brain Since, microscopically, some foreign body reaction was 
found in all these wounds of the dura, it is not possible to say that the 
paper disappeared by true solution However, in no instance was it so 
irritating that adhesions formed between the dura and the brain 

Because of our original hope of finding something to use as a non- 
iri Rating membrane for repair of tendon sheaths, and because of the dif- 



Fig 4 — S P No 21327 Photomicrograph Oxidized paper in hnee joint, 18 days A fairb 
intense inflammatory reaction to the suture is seen in the upper portion of the photomicrograph, and 
a mild foreign body reaction to the paper in the lower portion 


ficulty of testing this out in animal tendon sheaths, the knee joint was 
used to deteimine the effect of the material on synovial tissues The animals 
used were those who had also had, at the same operation, the craniotomy 
This made them unusually suitable for joint surgery, since, for the first 
few days after operation, their lethargy caused them to avoid undue use 
of the extremity The knee joint was opened through a lateral incision, and 
a strip of paper, sample D, four-hour oxidation, 4x2 mm , was introduced 
into the suprapatellar bursa An effort w'as made in closing the defect wuth 
three interrupted eye silk sutures, not to place these in the synovial 
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membiane, but just outside The skin was closed with foui intenupted 
black silk sutures As will be seen in Table V, at autopsy, in the first 18- 
day case no tiace of the foieign body was found fiee in the joint wbeie it 
had been placed, 1101 in the tissues outside The joint lining was smooth, 
glistening and not injected, and the sutuies lay well outside the cavity 
Theie was, microscopically, a mild foieign body leaction but no evident 
paper fiagments An incidental finding vas the piesence of minute encysted 
trichinae larvae In the second iS-daj case theie was, just to the lateral 





Fig s — S P No 21321 Photomicrograph Oxidized paper m knee joint 21 dajs There is 
slight thickening of the s%noMa, with a few l>mphocjtcs and phagocjtic cells 


Side of the upper portion of the patella, an oval, slightly elevated pink zone, 
6x3 mm Otherwise the joint lining was smooth and glistening, without 
injection There was no exudate Microscopic examination of the red 
zone showed a localized mass of the material with a mild foreign body 
reaction, less intense than that around silk sutures in the same preparation 
(Fig 4) In the two 21-day cases the knee joint showed no gioss signs 
of inflammation and only a trace of foreign body reaction microscopically 
(Fig 5) No material was found In these four instances, at least, 
therefore, we have no evidence that the material causes undue inflammatory 
response in the joint such as might be followed by adhesions 

Oxidized cellulose in the form of gauze was then investigated The 
shrinkage of this material is shown in Figure 6, and it is interesting that the 
texture of the oxidized samples is smoother and more silky than the original 
gauze, and, naturally, with the shrinkage, finer meshed The 16-hour sample, 
however, was quite friable, and was only used once The procedure was to 
deliver the omentum through a right rectus incision, onto warm moist pads 
A square of gauze, i 2 cm , was then laid on the surface, the omentum 
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rig 6 Photograph of three samples of gittze, all originally approximateb the same size 

Shrinkage following oxidation is illustrated 
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folded o\er li, and lacked down \Mth silk sutnies which did not pass 
thiongh the mateiial In the ii-da) case the siitiiies used weie a thread 
ia\elled from the edge of the gau7e itself The results aie shown iii Table 
VI The fiist case listed, six-da}s. is the same annual as the seven-day 
expel iment An exploiatoii opeiation was peifoimed, seven days after 
the hist piocedine The omentum was found to be thickened m the neighbor- 
hood of the maikmg siituies This poition was amputated, aftei suitable 
hemostasis had been sccuied by hgatuie and a second piece of gauze, lolled 
this tune instead of flat, was placed m the folded, ahead} tiaumatized 
omentum On leexploiation at six days much gieatei thickening was found 
than pieMOush but thcie weie no othei signs of inflammation about the 
gauze Aiound the ligatures, however theie was ledness as w'ell as 
swelling The gauze appeared as a sticky light blown fluid and semi- 
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Fig 7 — S P Xo 21329 Photomicrograph Oxidized gauze in omentum, 11 dajs No material 
remains Mononuclear and multinuclear phagocjtic cells arc seen and some foanij fat cells 


solid material lying in a smooth cavity Microscopic examination showed 
an intense inflammatory reaction both to the foieign body and the hgatuies, 
with polymorphonuclear leukocytes piesent m each case Moie dilated 
blood vessels w'ere seen about the sutures than about the gauze At ii, 14 
and 20 days no gauze remained There was thickening in the omentum 
in each case, but no more inflammatory reaction than might have been 
expected from the operative trauma and the sutures (Fig 7) 


SUMMLA.RY 

Oxidized cellulose in the form of cotton, paper and gauze w^as found to 
disappear in muscle, brain, dura, joint and peritoneum of dogs and cats 
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Control experiments of unoxidized material were not made because of the 
universal experience that gauze and cotton are not absorbed, and our 
familiarity with the reaction of the tissues to these materials 

In all but one instance there was some tissue reaction, and in this 
case the cotton was not absorbed How much the disappearance of the 
material is due to true solution and how much to solution after digestion 
by phagocytes it is not possible to say Not much proliferation of connective 
tissue, nor of gha was found No adhesions were formed between the dura 
and the brain or within joints 


CONCLUSIONS 

A relatively nonirntating foreign material, oxidized cellulose, has been 
tested It IS hoped that, after further observations to determine the 
oxidation time associated with the most favorable properties, this may be 
employed in hemostasis and possibly in protecting injured surfaces where a 
smooth membrane is desired in the final healing For this lattei use further 
woik must be undertaken to determine the length of tune the material 
maintains its physical properties in the tissues when it is interposed between 
two surfaces where adhesions are to be avoided 

The length of time of oxidation may well be related to the rapidity of 
absorption A method of sterilization must be developed so that all 
danger of spore contamination is avoided, and the desiiable physical prop- 
erties of the material are not altered It is suggested by earlier experimental 
work with celloidin in this laboratory by W C Clarke,^ in 1916, that some 
of the reaction observed with samples of the new material may have been 
due to contact with the skin of the investigators The material was handled 
to a considerable extent before it was boiled for use, and epithelial debris 
may have adhered to it New samples, not fingered except with gloves, 
will be tried The degree of irritation to the tissues from any cause, how- 
ever, does not seem to be extreme, and is usually less than that from the 
nonabsorbable sutures so freely used m plastic work 
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THE USE OF/niROMBIN ON SOLUBLE CELLULOSE 
IN NEUROSURGERY 

CLINICAL APPLICATION 

Tracy J Putnam, M D. 

Nrw York, N Y 

TROM TllC DEPARTMENT OE NEUROEOGT, COLLEGE OE EUTStCIANS AND SURGEONS, 

COLUMBIA UMAEUSJTT. AND THE NEUROLOGICAL INSTITUTE, NEW \ORK CITT 

Preparation or Thrombin — ^The piepaiation ‘of a i datively pure 
thrombin has been a recognized laboiatoiy piocedure since the work of 
Mellanby,^ m 1933 His method has been gieatly improved by Seegers,-’^ 
who, \Mlh his collaboiatois, has lepoited on its use m experimental surgery 
The hemoirhage fiom a fiesh incision across the suiface of the liver or brain 
was conti oiled by a spiay of the solution Similai lesults have been repoited 
by Loznei, ct al with the use of labbit thiombm, piepared by iso-electiic 
piecipitation These mvestigatois found tne application of moist pledgets 
to be moie effective than a spiay of the liquid piepaiation As far as I am 
avaie, the fiist attempts to use such a piepaiation for neurosuigical purposes 
weie made oy Karr and Ziff^ at this institution They prepaied fresh 
thrombin from human plasma by a simple technic, and this proved of 
some value in ceiebral surgei} Accoiding to the daily papers, a pieparation 
of thrombin has been used by the Russian suigeon Kudryashev, but no 
references are available at present 

Preparations of thrombin which aie highly active are now being manu- 
factured according to the method of Seegeis, and aie, of course, far more 
convenient than the fieshly prepaied material The thiombm comes m 
the form of a dry powder, easily soluble in water A “clotting globulin” 
is also available, made from rabbit plasma A globulin with thrombic 
activity, and a concentiated fibrinogen aie being piepaied on a large scale 
from human plasma 

The difficulty with fluid preparations has been that of application The 
clot which IS formed in less than a second with flowing blood is apt to be 
washed away before it can adhere, even though the flow is no more than 
an ooze If the thrombin is applied upon pledgets of cotton, satisfactory 
hemostasis is secured under even adverse conditions, but hemoirhage usually 
begins at once if the pledget is removed. 

By a fortunate coincidence, a new type of oxidized cellulose became 
available within recent months The details of preparation of this material 
have been described by Yackel and Kenyon,® and Unruh and Kenyon,'^ and 
Its properties are easily observed and of great interest Physically, it 
resembles cotton wool It will, however, slowly dissolve in slightly alkaline 
fluids Frantz® has cairied out experiments which show that it is absorbed 
from various tissues of experimental animals (including the brain) with 
practically no inflammatory reaction This prepared cellulose disintegrates 
upon autoclaving It may, however, be boiled for three minutes or kept 
m 70 per cent alcohol until needed ^ 
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All obvious next step was to use this material saturated with thrombin 
solution Tiny pledgets, measuiing appi oximately 20 x 5 x 2 mm were 
prepared by teasing out and folding the wet cotton They were kept 
m 70 per cent alcohol When needed they weie dried at the time of 

A 



B 


Fig I — A Constant, profuse oozing from dnnl \eins (arrows) Note 
pool of blood along edge of bone at bottom of picture 

B Hemorrhage controlled ind wound clean, two minutes after ajiplication 
of thrombin on soluble cellulose (arrows) The pool of blood has been reraoied, 
and now has reaccumulated 

Operation, and dampened vith thiombm solution, so that each contained 
appi oximately 500 units (It is possible that less would suffice) 

The most effective way of using these pledgets was found to be to 
tampon a bleeding point with moist cotton, and suck the latter dry 
The pledget containing thrombin was then rapidl}- substituted for the 
tampon, and another piece of damp cotton placed on it This, m turn, 
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was sucked diy. Even with active aiteiial bleeding, foi example, dining 
excavation of a meningioma, the second tampon could usually be lemoved 
within a minute, leaving the soluble cellulose solidly clotted 

This technic has been used in 30 opeiations of vaiious types, with 
great satisfaction In fi\e instances, it appealed to be more eftective than 
muscle One of these vas m a case of subfiontal meningioma, 111 which 
bleeding was a major problem Another instance was in an operation 
of chordotomy in a patient with saicomatosis, in wdiich theie w^as stubborn 
bleeding from periduial veins The mateiial saves much time 111 dealing 
w'lth small coring points on pacchionian gianulations 01 fiom duial veins 
(Fig i) It renders tiigemmal loot section a far easier proceduie 

In most of these opeiations, the thrombin preparation made by Parke, 
Davis & Company, essentially by the method of Seegeis, et al , w'as used 
Lederle’s “clotting globulin” and thrombin from human plasma, prepared 
by Cohn and Edsall,® has also been emplojed wuth similar results An 
accurate comparison betw'een the vaiious substances is impossible to make 
at present. 

Obviously, other uses for similar preparations suggest themselves Thin 
sheets of such treated cellulose might be used to control bleeding from the 
cut surface of parenchymatous organs , f 01 example, the bed of the gallbladdei 
A similar gauze might be used in skin grafting For first aid use in the field, 
an antiseptic such as sulfap} ridine, penicillin or or gramicidin might be 
added to such tampons for paclang deep w'ounds Sulfapyridme has been 
added to the pledgets described above without affecting their hemostatic 
properties 

Appreciation is herewith expressed to the Lederle Laboratories, who supplied 
the clotting globulin, to Parke, Davis & Company, who supplied the Seegers’ thrombin, 
and to Doctors Edwin Cohn, John Edsall and S Howard Armstrong, who supplied the 
thrombin from human plasma I am equally grateful to the Eastman Kodak Company 
which supplied the soluble cellulose. It was prepared by Mr C C Unruh and Dr 
W 0 Kenyon, and brought to my attention by Dr Hans Clarke 
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CONVULSIONS DURING GENERAL ANESTHESIA^ 

BEPORT OF TAVELVE CASES 

Bronson S Ray, M D , and Victor E Marshall, M D 
Nlv York, N Y 

FROM Tlin DHPARTMCNT OF SURGERY NEW YORK HOSPITAL AND CORNEI L MEDICAL COLLEGE NEW YORK N Y 

Ii IS NOr OFTEN that there is justification for emphasizing a single sjinp- 
tom when considering the natuie of a pathologic process but in the case of 
convulsions that occur during anesthesia there may be some excuse A 
convulsion from whatever cause is always a dramatic event and when it 
occurs duiing an operation it is frequently the fiist and, indeed, may be the 
only recognized sign of what is believed to repiesent a serious and potentially 
fatal state 

The problem of convulsions during anesthesia has been largely the 
concern of the anesthetists, thus, the importance of discussing it before a 
surgical society may requiie some explanation Fust, let it be said, that 
under any circumstances the surgeon cannot neglect his share of the re- 
sponsibility for the safety of his patient, even though the anesthetist be an 
expert Furthermore, it has become evident in the case of convulsions that 
there are probably many factors m the care of the patient before, during 
and even after operation that are as impoitant as the anesthetic and which 
are largely the surgeon’s responsibility 

The phenomenon in question is quite distinct from the familiar clonus 
or tremor seen during the induction of anesthesia, principally with ether, 
and It IS not to be confused with the transitory muscular twitching that 
rather frequently is seen m latei stages of the anesthesia, when oxygen intake 
IS limited The attack generally develops with twitching about the eyes and 
mouth when the patient is deeply under the anesthetic There follow spas- 
modic contractions of the limbs and most of the muscles of the body, re- 
sulting in generalized and usually violet convulsive epileptiform movements 

As a basis for discussion of the subject a study has been made of 12 
patients in whom convulsions occurred out of a total of about 75,000 
subjected to general anesthesia during the past ten years at the New Yoik 
Hospital Excluded from the study are those instances in which convulsions 
developed after anesthesia and those occurring during “local” or nitrous 
oxide anesthesia The latter group is omitted largely because the etiology 
of convulsions, postoperative encephalopathy and death with nitrous oxide 
anesthesia seems to be no longer a mystery but is almost universally accepted 
as due largely to anoxia of the brain ^ On the other hand this group is no 
doubt closely related to the cases to be discussed since anoxia in all prob- 

* Read before the New York Surgical Society, April 28, 1943 
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ability also plajs the majoi idle in convulsions during othei forms of 
geneial anesthesia. 

It IS not so much, then, the convulsions themselves but the underlying 
slate of which they aie the manifestation that is of chief concern. That tins 
IS Hue is CMdenced by the high moitality that accompanies the condition, 
It IS too high to be accounted foi by the occuiience of convulsions alone 
It IS Aaiiousl) estimated that the moitality is betw’een i8 pei cent- and 50 
per cent® The convulsions developing infi equentl}^ as they do, and often 
ivithout waining, have usually found the suigeon unacquainted with then 
nnpoitance and unprepaied to deal with the pioblem intelligently 

The subject was intioduced in England, m 1927, by the simultaneous 
leports of ^Vllson■^ and Pinson® Other repoits of isolated cases folloived 
in rapid ordei and, because all of tlie convulsions occurred dining ethei 
anesthesia, they came to be knowm as “ether convulsions.” The infeience 
was that the phenomenon w^as somehow 1 elated to the specific propeity of 
ether and, since but a few^ cases had been repoited 01 could be recalled prior 
to diat time,®"® it w'as thought that some impuiity existed m the ether which 
had not been piesent previously The probability is that the condition 
existed before but w'ent unrecognized, and w^e now know that convulsions 
and othei cerebral complications occur not alone wuth ether but ivith other 
general anesthetics as w'ell In 1937, Lundy® review^ed the subject 

tabulated 144 cases laigely from the literature, and listed a number of possible 
etiologic factors A review in 1941, by Monroe and Benjamin,^® disclosed 
168 cases reported 

Few seem to have had experience with more than one or several such 
cases, and too few details are presented m many of the reports This has 
increased the difficulty of studying the nature of the convulsions and resulted 
in a multiplicity of ideas regarding their etiology The conditions under 
which the convulsions occur are difficult to evaluate at best, and particularly 
difficult to duplicate m every detail for experimental study Furthermore, 
there is a dirth of information from autopsy studies of such cases. A survey 
of the reported cases emphasizes the great variability in the circumstances 
under wffiich the convulsions occur . in fact, the only apparent common de- 
nominator in all cases is an operation in which a general anesthetic is em- 
ployed Recent essayists on the subject have focused their attention largely 
on the single factor of anoxia in the production of which both the condition 
of the patient and the nature of the anesthetic agents play equally impor- 
tant roles 

The following 12 case reports are of patients who developed convulsions 
during general anesthesia within the past ten years at the New York 
Hospital Interest in the problem was aroused when one of us (Ray) 
observed the convulsions and postoperative sequelae to be reported m the 
fiist case Through the assistance of the Department of Anesthesia it 
w^as arranged for one or both of us to be called to obseiwe the convulsions 
that occurred in the other patients, or to appraise the circumstances 
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after the convulsions had occuried Thus, it was possible to obtain fairly 
uniform and complete infoimation about all the patients, from which certain 
deductions may now be made 


CASE KEPOHTS 

Case I— H F, female, age 36, was admitted, in April, 1933, with a subsiding 
acute cholecystitis The past history was unremarkable The patient was obese Blood 
pressure 200/120, but EKG showed only left axis deviation Blood urea nitrogen and 
routine laboratory tests were normal After the acute episode had subsided, chole- 
cystectomy and appendicectomy were performed Preliminary medication of morphine 
0010 grams and atropine 00004 grams was given Anesthesia was induced with 
ethylene and oxygen and maintained by the addition of 50 cc of ether vapor, using 
a closed mask A “gallbladder bench” was elevated to improve the operative exposure 
The patient’s condition was satisfactory for 90 minutes, until the wound was being 
closed when, without any warning changes, twitchings began in the face Rliythmic 
clonic movements appeared over the entiie body, being more marked on the left side 
Anesthesia was discontinued and closure completed Oxygen was administered Six 
hundred cubic centimeters of blood was removed by phlebotomy, which reduced the 
blood pressure from 185/98 to 115/80 Convulsions lasted 35 minutes In the first 
SIX hours postoperatively four five-minute seizures occurred Complete consciousness 
was not regained for 12 hours, and the patient remained restless and mentally sluggish 
for another 12 hours A left hemiparesis w'as present and the patient complained of 
paresthesias on the left side There was a sharp elevation in temperature the first 
two days Rales were present in both lungs, and there was increased respiratory rate 
and dusky color for three days There was 4+ albumin in the urine on the fourth 
day The hemiparesis partially resolved, but eight years’ follow-up reveals a residual 
weakness of the left lower extremity An electro-encephalogram made eight years 
postoperatively showed “a borderline record probably normal” 

CoMMENi — It was believed at the time that the convulsions and sub- 
sequent hemiparesis were the result of a cerebral vascular accident but it is 
possible for focal signs to develop in the presence of generalized cerebral 
anoxia Factors which may have contributed to the development of con- 
vulsions in this patient are cardiovascular disease and poor position on the 
operating table, resulting from elevation of the “gallbladder bench ” 

Case 2 — B , female, age 30, six weeks postpartum, was admitted, in June, 1936, 
with chronic cholecystitis and cholelithiasis A past history of uiticarial reactions to 
certain foods and dust was obtained Physical examination and laboratory findings 
were normal Phenobarbital 0030 grams was given the night before operation Pre- 
liminary medication of morphine 0010 grams and atropine 00004 grams w'as given 
Anesthesia was induced with nitrous oxide-oxygen Maintenance was with etlijdene, 
oxygen, and 65 cc of ether vapor, by closed mask A “gallbladder bench” was elevated 
to improve the operative exposure Cholecystectomy and choledochostomy w'ere per- 
formed without technical difficulty The patient's vital signs and general condition 
lemained constantly good for 75 minutes, except that respirations were “jerky” and 
“irregular” at times During closure of the wound generalized vigorous convulsions 
began rather abruptly The anesthesia was stopped and closure completed Oxygen was 
administered Ten cubic centimeters of 10% calcium gluconate and I cc of para- 
thormone were given, but no immediate effect of this was noted Convulsions lasted 
40 minutes Four hours were required to regain consciousness but convalescence was 

132 



Volume 118 CONVULSIONS DURING ANESTHESIA 

dumber 1 

Otherwise satisfactor}'- During a five-year follow-up period no further neurologic dis- 
turbances de\ eloped An electro-encephalogram at the end of five years was normal 

Comment — ^Factors which may have contiibuted to the development of 
convulsions m this patient aie possible calcium and other nutiitional de- 
ficiencies lesultmg fiom the recent piegnancy, plus the poor position on the 
operating table resulting fi oni elevation of the "gallbladder bench ” 

Case 3— C K, male, age two, was admitted, m October, 1936, for repair of a 
cleft palate During tlie first year he had been treated for rickets but at admission 
he was found in good general condition Operation was postponed three da3's because 
of a rhinitis with low’ fe\er and a 24,000 leukocytosis After preliminary atropine 
oooooS grams, anesthesia was induced and maintained wuth ether, Dy the open mask 
method Later, etlicr w’as given by nasal cathetei wuth a vaporizing machine Anes- 
thesia was deep The pulse rate rose steadily from 120 to 180, and the respirations 
from 30 to 50 per minute Eiglity minutes after the induction of anesthesia, generalized 
convulsions began and lasted 30 minutes Anesthesia w'as discontinued and oxygen 
administeied Fifty units of paiathormonc and an infusion of 6^0 glucose m normal 
saline w'ere gwen Temperature rose to 40°C Consciousness was regained m three 
hours, but the patient w'as unmanageable for an additional six hours Respirations 
w-ere rapid for 36 hours and moist rales cleared gradually over the next three days 
Carbon dioxide combining power and total serum protein taken dm mg the convulsions 
were 45 volumes per cent and 6 8 per cent, respectively On the first postoperative 
day serum calcium and phosphorus were 103 mg per 100 cc and 3 7 mg per 100 cc, 
respectively The recov’cry was otherwise uneventful, and the six-year follow-up has 
found no evidence of neurologic disorder 

Comment — ^Factors to be considered as possibly contiibutmg to the de- 
velopment of convulsions m tins patient aie Youth, nutiitional deficiency, 
lecent lespiiatory infection, and relatively long and deep anesthesia 

Case 4 — M S , female, age six, w’as admitted with perforated appendicitis and 
purulent peritonitis in August, 1938 The past history was unremarkable The 
temperature was 396° C (rectal), pulse rate 140, and leukocj’tosis 28,500 Four 
hundred cubic centimeters of 5% glucose in normal saline infusion was given because 
of dehydration Preoperatwe medication was codeine 003 grams and atropine 00003 
grams Anesthesia was induced with etliyl chloride and maintained with 90 cc of 
ether by open mask method Fifty minutes after induction, during closure, a generalized 
convulsion began and lasted several minutes Prior to this no noteworthy changes 
had occurred in the patient’s general condition Anesthesia was discontinued Con- 
sciousness W’as regained in 90 minutes There was a rise of one degree of temperature 
over that recorded preoperatively, and the respirations were 40 per minute for the first 
36 hours Thereafter recovery was unev’entful Analysis of the ether found “no 
impurities” A four-year follow-up has found no other evidence of nervous disorder, 
except an electro-encephalogram done three years later showed "a borderline record, 
probably pathologic” 

Comment — ^Factors to be considered as possibly contributing to the 
development of convulsions in this patient are Youth, hyperpyrexia, tox- 
emia; and dehydration 

Case 5— -T W, male, age six, was admitted in September, 1938, acutely ill wnth 
appendicitis of at least 30 hours’ duration At the age of one he had had two 
generalized convulsions of unknown etiology which did not recui One month before 
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admission, he sustained a mild concussion of the brain from which he seemed 
to have recovered Temperature was 38° C (rectal), and pulse no White blood 
cells were 21,000, but hemoglobin and red cell counts were normal Preoperative medi- 
cation was atropine o 0002 grams Anesthesia was induced and maintained with 
ether and oxygen through an open mask Pulse rose from 100 to 160, and respirations 
were slightly irregulai until 40 minutes after induction when facial twitching began 
Generalized convulsions developed rapidly accompanied by irregular respirations and 
cyanosis Oxygen was given and ether was reduced, but not discontinued, for 20 
minutes to allow closure of tlie wound The following medications -were given— 
400 cc of 5% glucose in normal saline intravenously, i cc parathormone hypo- 
dermically, 10 cc 10% calcium gluconate intravenously, and, finally, after two 
hours and 20 minutes of almost continuous convulsions, 06 grams of sodium pheno- 
barbital intravenously, which was followed by a diminution m intensitv and then 
cessation of the convulsions for two hours Temperature rose to 42° C (rectal) and 
pulse to 190 The urine contained 2-I- albumin Respirations remained rapid and the 
color slightly dusky Consciousness was never regained and convulsions lecurred 
intermittently Frequently tlie seizures involved only the left arm At first the deep 
reflexes were depressed but on the second day they were exaggerated and accompanied 
by bilateral extensor plantar responses The spinal fluid contained 350 red blood cells 
and o 07s Gm per 100 cc of total protein The patient expired 40 hours postoperatively 
No autopsy was performed Analysis of the ether used showed impurities far below 
the U S P standards and essentially the same as in a control from a freshly 
opened can 

Comment — ^Factors to be considered as possibly contributing to the 
development of convulsions in this patient are Youth, hyperpyrexia, tox- 
emia, dehydration, and epileptic history 

Case 6 — A H, female, age 40, was admitted, m August 1940, with an exacer- 
bation of chronic cholecystitis The patient had had frequent commlsions until the 
age of SIX, but none thereafter Her son, age six, had convulsive seizures Parenteral 
fluids were given but with the increase in clinical signs operation was decided upon 
Temperature was 39° C hemoglobin 10 Gm , RBC 3,400,000 and WBC 11,600 
Preoperative medication of morphine o 010 Gm and atropine o 0004 Gm was given 
Anesthesia was induced with nitrous oxide and oxygen and maintained by the addition 
of ether vapor (closed mask) A "gallbladder bench” was elevated to improv^e the 
operative exposure Fifty-five minutes after induction of the anesthesia, convulsions 
began about the face and soon spread over the body The respiratory rate had 
gradually increased to 35 per minute prior to the convulsions Anesthesia was deep 
and only a little ether was needed for maintenance during the next 40 minutes required 
to complete the operation Convulsions of about one minute’s duration recurred everj' 
two to three minutes for 30 minutes During the seizures the respirations were jerky 
and the color dusky but in the free intervals the signs became normal Oxygen and 
carbon dioxide, separately or in combination had no appreciable effect but the condition 
improved shortly after the "gallbladder bench” was lowered Recovery of consciousness 
was very slow, and for 36 hours the patient was irrational, incontinent, and had a 
temperature of 40° C (rectal) Three blood transfusions were given to improve the 
low blood pressure There were periods of dyspnea and moist rales in the lungs 
for three days, a roentgenogram showed evidence of pulmonary congestion After 
the third day recovery was steady An immediate postoperative uranalysis showed 3+ 
albumin and a few eo’thi ocytes, but later examinations were normal Blood calcium 
and phosphorus were normal Analysis of the ether used showed essentially no impurities 
During two years’ follow-up there was no recurrence of the seizures but a memory 
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defect and a personahtj' change, charactenzed by emotional instability and hysterical 
outbursts, were CMdent 

Comment — Factoib to be consideied as possibly contributing to the 
development of convulsions in this case aie. Epileptic histoiy, mildly toxic 
state, secondary anemia, and pooi position on the operating table, lesulting 
f 1 om elet alion of the “gallbladdei bench ” 

Case 7— L R, female, age 27, was admitted, in March, 1941, for menorrhagia 
caused by tubal pregnancy 0\er the pieceding two years she had had about ten 
attacks of sjneope witliout convulsions, which were ascribed to hysteria since they 
uere associated with fatigue and emotional stress The carotid sinuses were not 
In persensitn e to piessure Diagnostic dilatation and curettage of the uterus was done 
under mtious oxide, oxygen and ether vapor, by the closed mask method Morphine 
and atropine had been gnen preoperatn ely The anesthesia lasted 45 minutes and 
was uncomplicated Two dajs later a tubal pregnancy was remo\ed Morphine 0010 
Gm and atropine 0 004 Gm were given before operation The anesthesia was the same 
as before and gnen b} the same anesthetist Near the end of the 90 minutes’ pro- 
cedure, without warning, violent generalized coinulsions began and lasted six minutes 
The patient was returned to the horizontal from the Trendelenburg position and anes- 
thesia promptly discontinued Morphine 0015 grams was given Recovery of con- 
sciousness w’as delayed and there w’ere signs of partial atelectasis of one lung which 
disappeared shortly w’lth treatment Recovery thereafter w'as uneventful Electro- 
encephalograph} on the fourteenth postoperative day show'ed w’aves of mixed frequency 
which probabl} represented a pathologic state 

Comment — Factors to be considered as possibly contributing to the 
development of convulsions in this patient are A history of syncopal attacks ; 
recent operation, and poor position on the operating table resulting fiom 
lowering the head of the table (Trendelenburg position) 

Case 8 — S D , female, age 27, obese, was admitted, m August, 1941, with per- 
forated appendicitis and puiulent peritonitis She had given birth to her third child 
II days before Right low'er quadrant pain had been present for eight days and 
generalized abdominal pain for 36 hours Temperatuie was 39° C, pulse 120, respira- 
tions 26, hemoglobin 14 s grams, hematoente 46, and leukocyte count 26,000 Urine 
showed a trace of albumin and 2+ acetone One thousand cubic centimeters of 5% 
glucose in normal saline w'as gnen intravenously before operation Preoperative 
medication was morphine 0010 Gm and atropine 00004 Gm Anesthetia w»as easily 
induced wnth nitrous oxide and maintained by the addition of 75 cc of ether-vapor 
and 0X1 gen, by closed mask The patient was said to have considerable “ether 
tolerance” Blood pressure rose steadily from 130/80 to 160/98, the pulse from 120 
to 135, but respiiations remained about 30 Fifty minutes after induction, and 33 
minutes after the incision, convulsions began in the chin and neck and soon spread 
generally Cyanosis then appeared The anesthesia was discontinued and 100% 
oxygen administeied One cubic centimeter of paraldehyde and 250 cc of citrated 
blood w'ere given intravenously The temperature rose to 424° C (rectal) Colonic 
irrigations of cool w'ater w^ei e given The convulsions lasted for 90 minutes , thereafter 
the patient’s general condition became steadily worse and she died five hours after 
operation No autopsy was performed The following laboratory examinations were 
made during this time Spinal fluid normal , blood culture sterile , blood sugar 123 mg % , 
blood urea mti ogen 1 1 mg % carbon dioxide combining power 52 volumes% ; serum 
chloride 600 mg per 100 cc , total serum protein 6 7% , Cholesterol 234 mg % 
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CoMMENi — Factors to be considered as possibly contributing to the 
development of convulsions in the patient are Recent pregnancy, hyper- 
l^yiexia, toxemia, and obesity 

Case 9— J G, female, age '?6, was admitted to the hospital, in September, 1941, 
because of abdominal pain from an ovarian tumor (theca cell tumor) The physical 
examination was unremarkable but for obesity The preoperative medication was 
morphine 0 010 Gm and atropine 0 0004 Gm Anesthesia was induced and maintained 
with cyclopropane plus 25 cc of ether vapor A uterine dilatation ana curettage was 
followed by celiotomy and oophorectomy Eighty minutes after induction of the anes- 
thesia the respiratory and pulse rates increased Ten minutes later nyperUiermia was 
evident by a hot dry skin and the axillary temperature was 41 2° C The anesthesia 
was discontinued, oxjgen given, the operating table lowered to the horizontal from a 
rather high Trendelenburg position, and an intravenous infusion of saline started The 
blood pressure fell steadily Forty-five minutes after cessation of the anesthesia violent 
and generalized convulsions occurred and continued until death 12 minutes later Autopsy 
disclosed congestion of pial vessels of the brain, pulmonary congestion, atelectasis of 
one entire lung, congestion of the kidneys, and petechial hemorrhages m the myocardium, 
pericardium and pleura 

Comment — This is the only patient m whom there was an acute rise 
in temperatuie preceding the convulsions Probably an unrecognized 
atelectasis was the most important factor in the development of the hyper- 
thermia and the convulsions Other factors to be considered as possibly 
contributing to the complications are Obesity, and Trendelenberg position 
on the operating table 

Case 10 — H F , male, age 44, was admitted to the hospital, in June, 1942, with 
what was thought to be gallbladder disease A mass was present in the right upper 
quadrant of the abdomen The hemoglobin was ten grams and the red cell count, 
3 S million Uranalysis was normal Serum prothrombin was 100%, and fasting 
blood sugar 99 mg % The red cell count rose to 3 9 million after a 500 cc trans- 
fusion of citrated blood Preoperative medication of morphine 0010 Gm and atro- 
pine o 0004 Gm was given Anesthesia was induced with nitrous oxide and maintained 
by the addition of ether vapor, by the closed mask method A large vascular neoplasm 
was found in the liver and only exploration was done The blood pressure rose slowly 
from 110/65 to 130/75, and the pulse rate from 100 to 125 Anesthesia was deep 
During closure of the wound 80 minutes after induction, facial twitchings began and 
were followed by generalized convulsions which lasted ten minutes Anesthesia was 
discontinued and oxygen administered Recovery from anesthesia was slow and the 
patient was partly iriational for two days For five days a sharp febrile reaction 
was present and there was evidence of a right sided pneumonia with pleural effusion 
Postoperative urine examinations all showed the presence of albumin An electro- 
encephalogram two weeks after operation showed “a borderline record, probably 
pathologic ” 

In December, 1942, a multiple posterior rhizotomy was done for relief of intractable 
pain The same type anesthesia was used as before, but without complications A 
subsequent autopsy disclosed a metastasizing hypernephroma 

Comment — ^Factors to be considered as possibly contributing to the 
development of convulsions in this patient are Secondary anemia, and too 
deep anesthesia 
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Case II— R S, female, age 40, was admitted to the hospital, in October, 1041, 
with chrome cholecystitis and cholelithiasis Physical examination and loutine labora- 
torj tests were essentially normal except foi the blood pressure of 1 70/1 10, and loent- 
genologic evidence of gallbladder disease Moiphine 0010 Gm and atropine 00004 Gm 
weie given pieopeiatnelv Anesthesia was induced with nitrous oxide and maintained 
with ether vapor, by the closed mask method Cholco'stectomy and choledochostomy 
were performed A "gallbladdei bench” was elevated to improve the opeiativc exposme 
Aftei 70 minutes of uncientful anesthesia twitchmgs began m the face, follow^ed by 
generalized con\ulsious ^\hlch lasted 15 minutes Anesthesia was discontinued, oxygen 
administered and the “gallbladdei bench” low'ercd Sodium phenobarbital 013 giams 
was gnen intramusculai ly, and 50 cc of 50% glucose intravenously The post- 
operative course was unremarkable except for a pcisistent one plus albuminuria 
Four months latei the patient had no neurologic findings except that an electro- 
encephalogiam showed a pathologic record 

Comment — Factois to be consideied as possibly contnbuting to the 
development of convulsions in tins patient at e Hypei tension , uni eplaced 
fluid and blood loss duimg a niajoi opeiation, and pool position on the 
opeiating table resulting fioin elevation of the “gallbladdei bench” 

Case 12 — B S, male, age 28, w'as admitted to the hospital, in Decembei, IQ4T, 
w'lth obstructive jaundice resulting from a stricture of the common bile duct A biliary 
fistula w'as surgicallj established, but soon after a celiotomy was necessary for intra- 
abdominal bleeding In February, 1942, a jejunostomy w^as performed to facilitate 
feeding the patient The final operation was performed in April, 1942 Although he 
had lost weight steadily, the blood picture w'as relatively noimal, total serum protein 
w'as 6 4%, and the prothrombin level was 94% Jaundice had disappeared Preoperative 
medication of morphine 0010 grams and atropine 00004 grams was given - Anesthesia 
w'as induced wnth nitrous oxide and maintained by ethei vapor (closed mask) The 
“gallbladdei bench” w'as eleiated An anastomosis of the biliary fistula to the duodenum 
w^as earned out Eighty minutes after induction of the anesthesia convulsions appeared 
in the face and neck, then spread to the entire body Foi a half hour before, respirations 
had been iiregulai and faster and the pulse more rapid The anesthesia was promptly 
discontinued Ten cubic centimeters of calcium gluconate (10%) was given intravenously 
and a blood transfusion started After 15 minutes the convulsions stopped and five 
minutes later ether anesthesia, by open mask, was resumed but convulsions returned, 
lasting for five minutes Anesthesia was discontinued for the next 80 minutes while 
the operation proceeded During this period sodium phenobarbital o 13 grams was 
given intramuscularly Cjclopropane was given for the last 40 minutes of the operation 
when the patient became restless, no further convulsions occurred Recovery of con- 
sciousness required four hours, and for the next 18 hours the patient was restless, 
confused, and incontinent After the first postoperative day there were no untowaid 
developments Electro-encephalography 12 months latei showed a normal record 

CoMMENr— This patient was a relatively poor surgical risk though an 
effort had been made to improve his state prior to operation This 
IS the only case of the series in which operation was continued for any length 
of time or anesthesia of any degree lesumed after the convulsions It is 
noteworthy that on the first attempt to resume anesthesia, convulsions 
promptly returned Probably the blood transfusion, phenobarbital and long 
period without anesthesia (80 minutes) served to protect the patient when 
anesthesia was finally resumed The rather desperate ciicumstances in this 
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case pel haps justified continuing the operation after the convulsions had oc- 
cuired, but in most cases such a policy can hardly be justified Thus, the 
factors to be considered as possibly contributing to the development of 
convulsions in this case are Three recent operations , biliary fistula , nutri- 
tional deficiency, unreplaced fluid and blood loss during a major operation, 
and poor position on the operating table resulting from elevation of the “gall- 
bladder bench ” 


ANALYSIS AND^JeVALUATION OF THE OBSEHVATIONS IN TWELVE PATIENTS 

Age and SeA — The ages of the patients varied from two to 44 years 
Three v ere children under seven years, and the rest were 27 years, or over 
One-thiid were males Reviews on the subject^’ 2’*’ indicate that the in- 
cidence IS higher in females,^® and that while children and young adults 
both are affected, the incidence is predominantly in children With the 
latter our figures are not in accord, yet the ratio of children and adults 
coming to operation during the period of our study is representative of a 
cross-section of the populace The fact remains, however, that people past 
the age of 5O) whose basal metabolic requirements are less than those of 
younger people, are nearly wholly immune to convulsions during anesthesia, 
and it may be inferred that vascular changes, general or cerebral, occurring 
after middle life do not predispose to this form of operative complication 
Seasonal VanaHon — One case occurred m March, two in April, two in 
June, thiee in August, two m September, and two in October Some authors 
have emphasized that the convulsions have occurred during the hot summer 
months more frequently than at other times of the year All of our patients 
were operated upon in air-conditioned rooms where constant temperature 
and humidity were maintained It is suggested, therefore, that the season 
itself has little to do with the incidence of the convulsions, though the 
temperature of the operating room may be a different matter Anesthetized 
persons tend to become poikilothermic and mav easily become overheated 
in a poorly conditioned room 

Previous Convulsions — Two of the adults had had convulsions in early 
childhood, and one was given to syncopal attacks under conditions of fatigue 
Although some authors^ have suspected that a predisposition to convulsions 
might be important as a factor m their occurrence during anesthesia, on the 
whole, the evidence has been unimpressive It has often been obsen'^ed that 
epileptics are likely to develop their convulsions during the inductions of 
general anesthesia or under light anesthesia,®” but this is not to be confused ’ 
with the subject under discussion It appears paradoxical that general anes- 
thesia, which IS sometimes resorted to in the control of status epilepticus, 
should be 1 esponsible for convulsions in the nonepileptic 

Pi unary Disease and Opeiation — ^The diagnosis in three patients was 
appendicitis with peritonitis, appendicectomy and drainage were performed 
in each In tw 0 patients the diagnosis v^as chronic cholecystitis, and in one 
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acute cholecystitis; cholec} stectomy was peifoimed in each In two patients 
theie ^\as disease of the common bile duct lequiimg tedious exploratoiy 
opeiation, with choledochostomy in one and repaii of a stricture in the other 
Tuo patients required peKic operations, one for tubal pregnancy, the othei 
for an ovarian cyst, and each had had preceding iiteiine curettage One 
patient was explored abdominally for an hypeinephioma with extensive 
metastasis to the liver One patient, an infant of two yeais, underwent a 
long operation and difficult anesthesia for repair of a cleft palate 

^PieopoaHve Coudiimi of the Pnfieiif— With regard to the condition of 
the patients prior to operation, hyper p\rexia which exacts an increased 
demand for oxjgen upon all tissues of the body is of the greatest importance 
Pa}ne=‘ found "that up to 1936, in 90 pei cent of the lepoited cases the 
patients developed convulsions while being operated upon for “p}rexic 
disease” In our series, four of the 12 patients were acutely ill uith high 
fever when they came to operation and, m addition, one child had not 
made a complete recover}' from a respiratory infection Toxicity and septi- 
cemia go hand in hand with high fever and it is probably of little use to 
try to separate their effects as far as the production of convulsions is con- 
cerned However, Hosenow and TovelP- attributed the convulsions to a 
neurotoxm produced by a streptococcus which is piesent in amounts insuf- 
ficient to cause convulsions except in the presence of general anesthesia 
Dehydration and acid-base imbalance, other states winch so fiequently ac- 
company febrile diseases, may contribute to the initiation of convulsions 
bv inhibiting the cells of the brain in their ability to utilize ox)'gen, 
Significance may be attached to the fact that many of the factors wdiich 
have been thought to account for convulsions during anesthesia cause 
an increase in the H-ion concentration of blood and tissues 

Deficienc}' in the nutritional state w'as present in at least three of our 
patients, two having recently gone through pregnane}, and one having 
lost considerable w'eight from the presence of a complete biliary fistula 
Tw'o patients had secondary anemia which increased the danger of anoxia 
during the anesthesia In the first two patients, one of wliom had peri- 
tonitis, an imbalance in calcium metabolism is to be considered as of possible 
importance The effect of a low serum calcium in the production of con- 
vulsions IS w'ell known and several investigators have reported a depression 
in the serum calcium not only during anesthesia^®' but also in acute ab- 
dominal infections Alkalosis which may result from preoperative vomiting 
or by oven'entilation during the anesthesia is also capable of disturbing the 
calcium balance of the blood 

Position on the OpetaUnq Table — With regard to the hazards imposed 
by the operative procedure itself we feel that too little attention has been 
paid this possibilit}' It can be postulated that heavy retraction of abdominal 
wound edges, trauma,^® excessive exposure of viscera to cooling loss of 
blood, and other circumstances that are ordinarily associated with shock 
and “stagnant anoxia,” may be said to be conducive, as well, to the develop- 
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ment of convulsions But we refer more particularly to the position of 
the patient on the operating table In five of the patients the back was 
acutely angled by the elevation of a “gallbladder bench” Two others weie 
placed in high Trendelenbuig position to improve the exposure in the 
operative field These positions mechanically impede respiratory exchange 
and letard cii dilation In one patient convulsions ceased dramatically wnth 
the lowering of a “high gallbladder bench” which had been overlooked during 
the distiessing period when several other agents were being tried unsuc- 
cessfully m the control of the convulsions 

Pieoperative Medicahon — The medication used in all patients of this 
senes was limited to a standard dose of atropine with the addition, in 
adults, of 10 mg of morphine sulfate administered hypodermically 30 to 40 
minutes before induction of the anesthesia Barbiturates w^ere not given 
to any of the patients preoperatively Atropine has been implicated pai- 
ticularly by British anesthetists,^^’ and others have emphasized the danger 
of anoxia, particularly of the histotoxic type, with the use of moderate to 
large doses of morphine and barbiturate derivatives^^ While the possible 
rdle of these factors is undoubtedly too little recognized they are not con- 
sidered to have played any part in the production of convulsions in the 
patients of this series 

Anesfhehc Agents — The types of anesthesia employed in the cases re- 
ported were “Open mask” ether in three (namely in the three children), 
“closed mask” ether vapor with nitrous oxide and oxygen in six cases, 
ethylene (wnth a small amount of ether vapor) in two, and cyclopropane 
(with a small amount of ether vapor) m one The percentage of nitious 
oxide used with ether vapor anesthesias and of ethei vapor with the ethylene 
and cyclopropane anesthesias was relatively so little that for the sake of 
brevity it may be said that the anesthetic agents in this series were ether by 
closed and open mask, ethylene and cyclopropane Thus, there is support 
for the belief that the cause of the convulsions cannot be laid to one an- 
esthetic agent^’ or, in the case of ether, to the method by which it is 

administered It may well be, as Courville^® has suggested, that there is a 
certain “selectivity” by which different anesthetic agents produce their anoxic 
effects but the fact remains that any of the agents aie capable of producing 
anoxia It is to be emphasized that each patient was under deep anes- 
thesia, perhaps several were too deep, but all were thought to be in no 
danger up to or near the time convulsions appeared 

Idiosyncrasy — ^The possibility that some patients have an idiosyncrasy 
to the anesthetic agent is difficult to evaluate but some^^® have thought that 
such a state might exist, particularly with ether Sears'*’’ and Kemp^® le- 
ported instances of patients having convulsions during two different operations 
in which ether was used In our series one patient had an uneventful 45- 
minute anesthetic twm days prioi to the operation during which she developed 
convulsions, and ether vapor, by the closed method, was used both times 
Another patient had a longer and more difficult operation without convul- 
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sions SIX months aftei the one in winch convulsions occuiied, and again 
ether vapoi, by the closed method, was used both times These experiences, 
and otheis,'^^ tend to icfute aiguments in favoi of individual idiosyncrasy 
or alleig}^ to etlier. 

Impnuties m Eiho — With the eailiei cases w^e weie concerned, as others 
have beeiT®>^®-^^ with the possibility of impuiities m the ether, particularly 
since tlie ether was taken fiom drums An analysis was made of the ethei 
used in tliiee of the cases The analysis in each shoived. acetic acid eight 
paits per million , aldehyde and pei oxide less than one-half pei million Tests 
made of control specimens of ethei taken fiom fieshly opened small cans 
and drums of ethei showed the same values and these aie far below the 
U S P le\els for impurities. No otliei patients given ether taken fiom 
tlie same drums developed convulsions A study of 700 cases w^as made at 
the New York Hospitap-* 111 wdiich it w'as concluded from anesthetic tests 
that ether does not detenoiate lapidly when open and there is no difference 
betw’een tlie effects of fresh ether used fiom small cans labeled “for anes- 
thesia” and U S. P ether talcen from drums. 

It IS not our intent to imply that anesthesia plays no part in the pro- 
duction of convulsions but rathei to emphasize that cei tain specific anesthetic 
agents cannot, to the exclusion of others, be pointed to as the offenders. 

T%me oj the Convulsion — It appears significant that the time found to 
elapse betw'een the induction of anesthesia and the appeal ance of convulsions 
was between 40 and 90 minutes, with an average of 70 minutes This sug- 
gests that wdiatever elements combine to cause the convulsions, time is 
required for then effects to appear The majority of the cases heretofore 
reported have been of patients with acute appendicitis and the convulsions 
have appealed at about the time of closure of the peritoneum How^evei, it 
is beheved that this time relationship is a coincidence and not otheiwase 
important unless it be assumed that sometimes the deepening of the anes- 
thesia for closure of the peiitoneum plays some role 

Wmmng Signs — In none of the patients w'as tlieie any cyanosis obseni'ed 
prior to the onset of convulsions and in four theie iveie no untow'ard signs 
of any kind. In two there were respiratory changes only, such as “labored.” 
“jerky,” “increased” breathing. In four there was, in addition to respiiatory 
changes, a significant increase in cardiac rate In only tw^o weie there 
impressive changes in respiration, mciease in caidiac rate and rise m blood 
pressure The changes noted usually occuried gradually ovei a peiiod of 
20 to 30 minutes but m other instances they developed within 5 to 10 
minutes prior to the convulsions The appearance of cyanosis is too often 
relied upon as the early sign of insufficient oxygenation during anesthesia 
though It has been amply stressed m anesthesiology that cyanosis is neither 
criterion nor index of degree of anoxia Lunsgaard and Van Slyke^^ 


^ The analyses were made by Dr Harry Gold of the Department of Pharmacolo-w 
Cornell University Medical College i <nindeuiogy, 
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shown tliat cyanosis depends on the piesence of a definite quantity of reduced 
hemoglobin in the blood and not upon relative proportions of reduced and 
oxygenated blood Subclinical anoxia can exist without cyanosis and yet 
be of a degiee that would be serious, if piolonged Moie significant ol 
developing anoxia is an increase in rate and amplitude of respiration, com- 
bined with giadual rise m blood pressure and cardiac rate with variation 
in the volume of the pulse beats 

Tempeiatui e Inciease — Only one of the patients gave evidence piior 
to the onset of convulsions of developing an increase in body temperature 
and in this patient nearly an hour passed between the appearance of h)’^per- 
thermia and convulsions Eight other patients had fever of 40° C, or moie, 
some time after convulsions developed but three had little or no elevation of 
temperature at any time There can be little doubt tliat under the conditions 
of increased body temperature, whether it be due to fever, overdose of 
atropine or external heat, patients, and especially children, are more prone 
to develop convulsions^^ It is also true that convulsions of themselves cause 
an increase m body temperature Some authors have held that an increase 
in body temperature was almost a prerequisite to the development of con- 
vulsions during anesthesia®®^® but in our series one-half of the patients gave 
no evidence of inci eased body temperature, at least until some time alter 
the seizure 

Dutahon of Convulsions — The convulsions in all cases follo\\ed thfe same 
pattern, beginning in the face and spreading to the entire body Single 
continuous convulsions lasted for periods varying from a few minutes to 
90 minutes In some patients there were recurring attacks over a period 
of hours, the longest period being 40 hours In general, it may be said 
that the longer the single attack lasts or the longer the period of recurring 
attacks, the less chance that the patient will recover 

Moj tality and Autopsy Findings — Death occurred in three patients, mak- 
ing a mortality rate for the series of 25 per cent Autopsy was performed 
on one of these three (Case 9), and as far as the routine examination of 
the brain is concerned, no notable changes ^vere found except a moderate 
degree of congestion as evidenced by dilatation of the small pial vessels 
More impressive changes were disclosed in other organs, such as acute 
pulmonary congestion and atelectasis of one entire lung, congestion in the 
kidneys, and petechial hemorrhages in the myocardium, pericardium and 
pleura The pathology found is compatible with that described by Cour- 
ville^ in the patients dying from anoxia with nitrous oxide anesthesia Un- 
recognized atelectasis must always be considered as the possible source of 
trouble when convulsions develop during the operation®® 

While it would support our belief that anoxia was responsible for the 
convulsions and death in this patient if more impressive pathology could 
be demonstrated in the brain, it is likely that death occurred before detectable 
changes had an opportunity to develop Courville^ states that “changes in 
the nen^e cells or in interstitial tissues are not characteristic until 36 to 40 
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horns lla^e elapsed, thiie sufficient for physicochemical changes incident to 
anoxemia to become evident histologically ” 

Mobidiiy — ^All the patients who did not die showed either delayed 
lecovery fioiii anesthesia oi late sequelae oi, both Delayed lecovery was 
characteiized principally by slow letuin to consciousness, restlessness, irra- 
tionality, dehiium, confusion, uncoopeiativeness, incontinence One patient 
has what appeals to be peinianent changes m temperament and personality 
i\hile another has a lesidual hemipaiesis In the case of hemiparesis, while 
It IS likely that a ceiebial vasculai accident occuired. Belli end and Riggs*-’^ 
have emphasized that individual variations in the cerebral vasculatuie aie 
often the cause of clinical symptoms being lefeiied to one side, even m 
the piesence of difluse ceiebral damage A lunibai puncture is of little 
diagnostic value since convulsions alone aie often the cause of tiansitory 
increased intracranial pressure and red blood cells in the cerebiospmal fluiu 
Electio-encephalogiaplnc Changes — It has been especially illuminating 
to find that in four of the seven patients subjected to electio-encephalograph) 
at vaiying periods after then opeiations, there were pathologic changes 
lecorded It would be useful to know w'hether changes wdiich may be found 
early after the convulsive episode w ould persist but our data does not supply 
this information Also, it would be necessary ahvaj^s to take into con- 
sideration the possibility that patients may have had abnormal brain waves 
prior to the time of the operation 

Othei Effects of Anoxia — The clinical evidence for damage to other 
organs of the body as a result of the anoxia, presumed to have caused the 
convulsions, is to be found in the high incidence of postoperative pulmonai)' 
complications (in seven of the ten patients wdio lived longer than a day after 
operation) and of albuminuria (in five of the ten) 

Blood Studies — Various blood studies made soon and late aftei the 
occurrence of convulsions in a numbei of the patients failed to disclose any 
significant changes But no blood oxygen determinations w^eie made and 
It is highly desirable in order to establish the impoitance of anoxia that 
more studies be pursued comparable to those of McClure, et al"^^ in which 
changes m the ox>gen content, capacity and saturation of the arterial blood 
w’ere evaluated under various conditions of anesthesia 

DISCUSSION 

The stage has perhaps not yet been reached at which the evidence can be 
said undisputably ahvays to point to anoxia as the state underlying the occur- 
rence of convulsions during anesthesia, yet the bulk of the collected data 
points in this direction Since the brain cells and particularly those of the 
cerebral cortex are more susceptible to anoxia than other tissues of the body 
It IS easy to explain the early occurrence of convulsions 

Barcroft’s®® classification of the anoxemias, based on phj'^siologic prin- 
ciples, is useful m attempting to undei stand the many factois that must be 
evaluated in clinical cases In the anemic type, present m patients wuth lack 
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of, 01 inactivation of hemoglobin, the led blood cells do not carry a normal 
amount of oxygen, although oxygen tension in the blood may be normal 
In the stagnant type, because of slowed circulation, the oxygen supplied to 
the tissues is reduced In the anoxic type, oxygen tension in the blood is 
lowered so that there is actually less oxygen in solution and because of an 
associated lowering of carbon dioxide tension there is decrease in the rate 

Table I 

FACTORS INFLUENCING THE ANOXIC STATE AND DEVELOPMENT OF CONVULSIONS DURING ANESTHESIA 
factors Pertaining to Individual Susceptibility 
Youth 
Female sex 
Convulsive diatheses 

factors Pertaining to the Anesthetic Agents 

Probably moderate anoxia upon which the production of the anesthetic state depends 

Too deep anesthesia 

Combination of anesthetic agents 

Impurities in the anesthetic agent 

Impure oxygen 

Overoxygenation 

Too much or too little carbon dioxide 
Imperfections in the anesthetic machine 
factors Thai Increase the Oxygen Requirement of the Body Tissues 
Fever 

Heavy blanketing of patient 
Overheated operating room 
Hot weather 

factors That Disturb Circulation of Blood 
Cardiac disease 

Vascular hyper- or hypotension 
Cerebral vascular accident 
Reduced blood volume 
Hemorrhage 

Factors That Disturb Respiratory Exchange 
Obstruction to air passages 
Faulty aeration of lungs 
Deficient alveolar absorption 
Poor position of patient on operating table 
Obesity 

factors Affecting the Oxygen-Carrying Properties of the Blood 
Anemia 

Poisoning (as carbon monoxide) 

Sulfonamide therapy 

Factors Which Possibly Affect the Tissue JCells Ability Specifically to Utilize Oxygen 
Acid-base imbalance 
Dehydration 
Hypoglycemia 
Calcium imbalance 
Nutritional deficiencies 
Sedatives, opiates atropine 
Neurotoxin 


of dissociation of oxyhemoglobin, all resulting in less leadily available oxygen 
for the tissues This type of anoxia may result from reduced oxygen m 
inspired air, obstruction in the air passages, faulty aeration of the lungs 
(as in atelectasis of the lungs) deficient absorption of oxygen from the lungs 
(as in pneumonia) or inability of the blood to carry a sufficient quantity 
of oxygen (as in the presence of methemoglobin) To these, Peters and 
Van Slyke®^ have added the Instotowc type in which the tissue cells of the 
body, due to toxins or drugs,^® are less able to utilize the available oxygen 
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It seems useful, then, to enumerate the various possible clinical factors 
that may contribute to the anoxic state and to the development of convulsions 
during operations in which geneial anesthesia is employed (Table I). 

The inadequacy of this or any classification is well appreciated, it does 
not purport to be entirely original or complete The placing of some of 
the factors mider one heading and not under others is m many instances 
arbitrary, furthermore, some of those mentioned may be of no importance 
But some order may thus be lent to the confusion existing over the numerous 
etiologic factors and it may more easily be seen that while one factor alone 
may be insufficient cause for the development of anoxia, the effects of two 
or more may readily be combined under the varied conditions of disease, 
operation and general anesthesia. 

TREATMENT 

Convulsions during anesthesia are relatively rare and probably much 
less frequent than other less dramatic effects of anoxia A discussion such 
as this serves principally to draw attention to the nature of the state and 
the possibilities for its prevention by employing adequate preventive measures 
both before and during the operation 

When convulsions do occur it is advisable to (i) discontinue the anes- 
thetic, (2) terminate the operation as quickly as possible, (3) administer 
oxygen, (4) correct any unfavorable position on the operating table , (5) keep 
the airivay open (bronchoscopic aspiration may be required m case of 
atelectasis) , (6) give some form of soluble barbiturate intravenously to 
control the convulsions, such as sodium amytal, sodium phenobarbital, 01 
pentothal sodium, (7) replace blood or fluid loss, and (8) allay hyper- 
thermia by sponging the body or irrigating the rectum with cold water An 
oxygen tent provides the dual service of cooling and supplying adequate 
oxygen There may be advantage in administenng hypertonic glucose solu- 
tion intravenously, particularly to combat unrecognized hypoglycemia and 
intravenous calcium gluconate or intramuscular parathormone to coriect 
calcium imbalance. 


SUMMARY AND CONCLUSIONS 

An analysis of 12 cases in which convulsions occurred during geneial 
anesthesia shows 

1 Convulsions occur in about one in 6,000 patients subjected to general 
anesthesia 

2 The mortality rate is 25 per cent — ^too high to be the result of con- 
vulsions alone. 

3 The term “ether convulsions” is misleading since the convulsions may 
occur during other types of general anesthesia 

4 Most of the alleged causes of the convulsions are not of a nature to 
be alone or directly responsible But most of them bear some relationship 
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to the deliveiy, ti aiisportation and utilization of oxygen for tissue lespiration, 
thus suggesting anoxia as the chief factor in precipitating the convulsions 

5 Since the cells of the brain aie more sensitive to anoxia, convulsions 
often appear befoie other signs but when convulsions do appear an advanced 
state of anoxia may already exist 

6 The incidence of convulsions duiing anesthesia may be lowered by at- 
tention to the preparation of the patient for operation, to the pioper adminis- 
tration of the anesthetic and to the contributing effects of the operation itself 

7 When convulsions occur all measuies should be diiected towaid coi- 
rection of the causative factors and alleviation of the state of anoxia Some 
foim of baibiturate should be given intravenously to control the convulsions 
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Reports by the wiitei/’ “ in 1935 ^ 93 ^? dealt with acute postopeiative 

neciosis of the liver in dogs following ligation of the hepatic aiteiy At 
that time two general conclusions rvere drawn First, that so-called “high 
tempeiature livei death syndrome" is a clinical entity characterized by 
rapid piogressive development of high temperatuie, falling blood pressure, 
circulatory collapse, coma and death, with a temperature as high as 109° F 
(human) within 36 to 48 houis after operation; and, second, that the 
essential lesion in the liver is diffuse central necrosis of the liver lobules 
This syndrome was fiist described by Heyd,^ in 1924, and has been known 
since that time as “acute liver death,” “high temperature liver death,” “acute 
liver insufficiency,” and the “hepatorenal syndrome ” Autopsies have 
shown diffuse focal neciosis in the liver but no other lesions competent to 
produce the severe symptoms and the rapid death The liver shows passive 
congestion, softening, and diffuse disoiganization of the liver cords, with 
widespread areas of focal necrosis Boyce,^ and Boyce and McFetridge® 
concluded that m most instances when the clinical course is typical, the 
postmortem findings are typical, i e , necrotic changes m the liver with 
or without similar changes in the convoluted tubules of the kidneys, depending 
upon how long the patient lived after operation 

Experimental ligation of the hepatic artery produced typical lesions in, 
and rapid death of healthy dogs^’ ^ when adequate collateral ciiculations 
did not exist However, from this fact it can not be argued that this 
IS the mechanism which produces necrosis of the liver in human beings 
It does seem reasonable, nevertheless, to believe that the lesion is related 
in some way to conditions affecting the hepatic artery Necrosis of tlie 
liver sometimes follows operations on the stomach, pancreas and other 
abdominal viscera and is frequently present in death of thyroid crisis® 
It may be that there is some common factor which links together necrosis 
of the liver, biliary tract surgery, operations upon the stomach, pancreas and 
other abdominal viscera and thyroid crises 

The vasoconstrictor nerves of the hepatic artery are derived from 
branches of the celiac plexus, and in their course to the liver are closely 
related to the extrahepatic blood vessels and the bile ducts Therefore, 
these nen^es are directly m the field of operations upon the bile ducts 

* Presented before the joint meeting of the Philadelphia Academy of Surgery, and 
the New York Surgical Society m “New York, February 10, 1943 
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and the gallbladder, and during such operations are subjected to trauma 
In his exhaustive woik on the vasomotors of the liver, Opitz’’ demon- 
strated (1911) almost complete interruption of blood flow through the 
hepatic aiteiy following faradic stimulation of branches of the celiac plexus 
Experiments weie undertaken to determine the effect upon the liver 
of mechanical stimulation of the branches of the celiac plexus In healthy 
dogs these nerves were mauled, clamped, ipmched and roughly sponged 
The immediate gross effect on the liver was the same as followed ligation 
of the hepatic aitery The surface of the liver became irregular in color, 
blackish in spots, and in other areas a mosaic discoloration appeared In 
these areas it appeared as though the liver lobules were outlined by small 
black lines These livers were of normal healthy dogs No syndrome 
developed and the postoperative courses were smooth 

It IS an accepted fact that disease of the gallbladder and the bile ducts 
IS accompanied by hepatitis, and that each successive exacerbation of the 
biliary tract disease adds to the lesions m the liver This must result 
in progressive impairment of liver function, but the factors of safety are 
so great that a liver may give no clinical or laboratory evidence of severe 
damage Under the normal stress of living, these livers may function in 
an adequate manner, but under the abnormal strain of an operation and 
anesthetic, the slim resen^e may be exhausted 

In order to conduct experiments in a satisfactory study of the effects 
of operations upon the gallbladder and bile ducts, comparable to the results 
in human beings, the experimental animals must have impaired liver func- 
tion or liver damage This impairment must be chronic, of slow develop- 
ment, and of such a nature as to allow the animal to live in an apparently 
normal manner 

Rousselot and Thompson® (i939)> in a study on “Experimental Produc- 
tion of Congestive Splenomegaly,” induced cirrhosis of the liver in normal 
dogs by injecting a saline suspension of silicon dioxide into the splenic vein 
Cirrhosis of the liver developed only after enough silica had been given, 
and enough time had elapsed to allow development of the lesion in the liver 
In this study, the technic used by Rousselot and Thompson was used 
Twelve normal, healthy, adult male cats were used in the experiments 
At celiotomy, 25 to 50 cc of a sterile saline suspension of silicon dioxide* 
(one per cent) was miected slowly into the splenic vein At inten^als of 
SIX weeks a second and a third injection of the silicon dioxide suspension 
was made in the splenic vein of each cat At the second operation, well 
developed gross silicosis of the hepatic regional lymph nodes vas evident 
in each ammal and at the third operation there was beginning gross 
evidence of cirrhosis of the liver Nine cats died at various periods during 

* Silicon dioxide suspension, one gram in 100 cc normal saline The individual 
silicious particles are 1-3 micra in diameter 

The silica was prepared by Dr Leroy U Gardner, Director of the Saranac Labora- 
tories, Saranac, N Y 
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Fig 1 



Fig 2 

Tig 1 — Normal liver, cat Triclilorsilver stain shows no mtrahepatic connective 
tissue (x 225) 

Fig 2 — Experimental cirrhosis of the liver, cat Connective tissue (black), dem 
onstrated by triclilorsilver stain, is widespread, and encloses the cords of liver cells 
(X 22s) 

the tune necessary to induce cirrhosis of the liver, and sections of their 
livers showed cirrhosis in direct proportion to the degree of silicosis of the 
regional lymph nodes (Figs i and 2) 

Three cats which received three injections of saline suspension of 
silicon dioxide, lived through the summer months, and appeared to be in 
good condition for the concluding experiment At the operation, each 
cat showed gross cirrhosis of the liver vith ascites In each case a chole- 
systectomy, from cystic duct to fundus, was performed, and this was 
immediately followed by intermittent stimulation of the branches of the 
celiac plexus with faradic curient fiom an induction coil, for two minutes 
Each cat died piomptly, m less than 18 hours after operation. Autopsies 
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showed congestion of the liver, and areas of softening There was no 
hemoirhage, thrombosis or other cause of death A clinical thermometei 
sewed in the abdominal cavity at the conclusion of the operation did not 
show any use of temperatuie Microscopic sections of these livers (Fig 3) 
show congestion and diffuse focal necrosis 

Three normal, healthy adult male cats were used as controls The same 
pioceduie (cholecystectomy and faradic stimulation of branches of the 
cehac plexus for two minutes) was used All of these animals survived 
for an indefinite period following the operation and nerve stimulation A 
second operation was performed on one of the controls At the first 
opeiation a small gauze sponge was left in the subhepatic region At the 



Tig 3 — ^Liver of cat in which experimental cirrhosis was produced Death fol 
lowed farradic stimulation of branches of the celiac plexus (X 22s) 

(A) Hematoxylin and eosin stain Circular areas of liver necrosis (N) 

(B) Trichlorsilver stain of the same liver Note circular areas of nectotic cells 
(N), outlined by connective tissue 

second opeiation the liver, stomach, bile ducts and intestines weie involved 
in many dense adhesions Separation of these adhesions to expose the 
bile ducts and the cehac plexus produced severe trauma Faradic stimula- 
tion of the nerves for two minutes pioduced no effect, and the animal made 
an uneventful recovery 

The microscopic pictures of the livers of (i) human beings dying a 
“liver death,” (2) dogs following ligation of the hepatic artery, and (3) cats 
with cirrhosis of the liver, which have died following cholecystectomy and 
intermittent faradic stimulation of the cehac plexus, are the same They 
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show diffuse focal neciosis of the Iivei It seems leasonable, theiefoie, to 
conclude that fundamental cause of the so-called “liver death” syndrome 
is a badly damaged livei Stimulation of blanches of the celiac plexus, 
during operations upon the gallbladdei and bile ducts, pioduces spasm of 
the hepatic aiter^^ This spasm depiives the liver of its arterial blood 
supply (Opitz^) and an irreversible reaction is initiated, which lesults in 
diffuse focal necrosis of the livei It also seems reasonable to conclude 
that the essential pathologic lesion in the livei of human beings, dogs, and 
cats is the same — diffuse focal neciosis 

Local injections of novocain in the gasti ohepatic omentum anterior to 
the foiamen of Winslow or novocain block of the celiac plexus should pre- 
vent impulses tiavelmg along these neives to the liver Although, in this 
study, no expei iinental neive oi plexus blocks have been pei formed, I believe 
that such measures should be used when one encounters a firm, irregular 
liver or gross evidence of cirrhosis, if biliary tiact surgery is contemplated 

Grateful acknowledgment is made to Dr Allen O Whipple for the opportunity 
to undertake this work in his department, to Dr Arthur Purdy Stout, for suggestions 
and examination of specimens, to Major Louis M Rousselot, MRC, U S Army, 
for assistance and suggestions, and to Miss Daisy Mapes for assistance and care of 
the animals 
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MASSIVE FIBKOMA OF THE SCALP 

CASE REPORT 
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This case is piesented because of the size and peculiar appearance of the 
tumor, and also because of the surgical problem involved 

Case Report — G D , white, male, age 23, entered the Saskatoon City Hospital 
complaining of a growth covering a large portion of the right side of his head 
The mass had been present since birth and had enlarged as he had grown For the 
past several ycais it had remained practically stationary He had been advised against 
operation, because of the danger of hemorrhage He had been rejected for service 
m the army We felt it was of great importance to the future of this young man 
if this mass could be removed successfullj It is self-evident that such a glaring 
deformity must give anyone an infeiiority complex 

The general examination and histoiv weie 11 relevant Examination of the mass 
levealed a partly lobulated growth, 16 cm in length, 12 cm in width, while the 



Fig I — Lateral view of fibroma prior to Fig a — Anterior view of fibroma prior to 

operation operation 

greatest thickness vas almost s cm The surface was smooth and hairless, but was 
indented quite deeply by characteristic sulci which, with the pale pinkish color, gave 
It the appearance of exposed cortex The mass was very hard, though slightly movable, 
but was attached to the scalp completely to its actual periphery The growth of normal 
scalp hair ended abruptly at the exact border of the tumor (Figs r and 2) Roent- 
genograms demonstrated no involvement of the skull 

Surgical Procedures — ^January 9, 1942 Biopsy was performed, and the sections were 
reported upon by Dr W S Lindsay, pathologist. University of Saskatchewan, as fol- 
lows Paihologic Examtrafioti — Microscopic Section shows a thm but uniform and 
t3Tical covering of stratified squamous epithelium Beneath this is an interlacing mass 
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of dense strands of collagen with 
few fibrocytes In many of these 
strands there is a vessel or slit 
lined by endothelium which is 
thickened and shows some activ- 
ity, and masses of endothelial cells 
aie found embedded m tlie fibrous 
strands (Fig 3) Pathologic 
Diagnosis Ljunphangiofibroma — 
no evidence of malignancy Keloid 

January 12, 1942 The scalp 
was infiltrated with i% novocain 
solution The lemoval of the tumor 
was commenced by electro-section 
at its posterior border The very 
numerous vessels were coagulated 
at once However, it was soon evi- 
dent that the heat penetrated to the 
skull, though the usual precautions 
were used The entire central mass 
of the tumor was, therefore, re- 
moved leaving a mat one centime- 
ter in thickness and the rim of the 
tumor almost intact (Fig 4) The 
raw surface was dressed with vase- 
hned gauze 

January 17, 1942 Again using 
local anesthesia, the entire floor of 
the tumor was removed, together 
with a considerable of the edge of 
the tumor The border of the 
tumor was now raised and loos- 
ened Because of its density, silk 
sutures could be inserted and drawn 
lery tightly This allowed us to 
displace the periphery of the tumor, 
so as to reduce the uncovered 
area (Fig 5) 

Februaiy 5, 1942 Under gen- 
eral anesthesia, the previous ten- 
sion sutures were removed and the 
remaining edge of the tumor ex- 
cised Hemorrhage was of con- 
siderable moment, many of the 
vessels being so large that ligation 
was necessary, as they could not 
be successfully occluded by coagu- 
lation 

The scalp was now loosened 
over the vertex, forward over the 
frontal region, and backward, 
freeing most of the occipital area 
The neck tissues were undercut 



Fig 3 — Pathologic section of fibroma shoivmg fibrous 
tissue and \essels lined with endothelial tissue 
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Fig 4 — Appearance after first operation 
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I'lG 5 — Following and operation, showing 
tension sutures 


behind tlie light mastoid A lin- 
ear incision was made in the mid- 
occipital region as well as a pro- 
longation of each edge of the ex- 
cised area downward and back- 
wards behind the right mastoid 
The scalp was no<v stretched by 
strong traction and sutured (Fig 
6) Happily, this patient had a 
fairly loose, pliable scalp The full 
use of the above measure reduced 
the uncovered area to a triangular 
space 5 X 10 cm 


Fig 6 — Following 3rd operation, showing incisions 
necessary for plastio attempt 


Postoperative Com sc — ^The tension sutures were removed after two weeks, and 
the area grafted with foreskins removed at circumcisions The mucous membrane being 
first removed, each specimen was sectioned conveniently into six pieces and applied 
and coveied with a dressing of Ringer’s solution About two-thirds of the grafts were 
successful The area was completely covered by March 30, 1942 (Fig 7) After his 
hair had regrown, he returned to show us the result He is very grateful because of 
his changed appearance (Fig 8) 
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Fig 8 — ^Nme months following operation 


SUMMARY 

A large fibroma of the scalp, of unusual appearance, is reported, and the 
stages of its removal described Photographs and drawings are presented 
illustrating the woik done Careful planning of each procedure is of the 
greatest importance 
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A METHOD OE FIXATION FOR FRACTURES OF THE STERNUM^ 


Lt Col L. H McEim, R.C A M C 

SURGICAL DIVISIOV DESERT MILITARY HOSPITAL, CANADIAN ARM\ 

Cajtada 


Fractures of the Sternum are comparatively rare Those with dis- 
placement fiequently cause seiious disability The most common site of 
injury is probably the junction of the manubrium with the body of the sternum 
The stooping postuie of the patient is characteristic Complaints of 
upper substernal pain associated with dyspnea are suggestive of such an 
injur}'- There may be deformity, but this is easily obscuied by suelhng, 



Eig 1 — Sketch from roent 
genogram (retouched) show 
mg the fracture dislocation of 
the sternum, with backward 
displacement of the manu 
brium 



Eig 3 — Sketch from post 
operative roentgenogram show 
ing complete reduction, with 
the wires m place 


while the natuial vaiiations in the prominence of that portion of the sternum 
render this sign of somewhat lesser importance There is localized tenderness 
at the point of mjuiy, but the tenderness is sometimes more widespread due 
to concomitant injuries to the sternochondral articulations 

Satisfactory roentgenograms are difficult to obtain, and the patient should 
not be subjected to too much movement for roentgenologic investigation 
until he has recovered from his initial shock, which is sometimes very 
considerable 

Rupture of the internal mammary artery has been reported as a com- 
plication ^ Spontaneous reduction is said to sometimes occur on c oughing 

* Permission to publish this article has been granted by the Department of National 
Defense, Ottawa, Canada Brigadier J C Meakms, Deputy Director-General of 
Medical Services 
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or sneezing- Some cases can be i educed by manipulation in the position 
of upper doisal h}^ei extension, with the head and shoulders hanging 
over the edge of a table Othei cases lequire open operation and sometimes 
fixation to maintain i eduction Such a case is heiewith reported 



Fig 2 — Photograph showing site of incision, and the nnmgenient of the Kirschner wires 


Case Report — Lieut J T was admitted, November iS, 1942, suffering from 
injuries received in a motorcycle accident There was a history of a biief loss of 
consciousness 

Examination showd multiple lacerations and contusion of the face, scalp, right 
arm and anterior chest wall He complained of pain on compression of the upper 
chest These complaints were thought to be explainable by the multiple contusions 
present There was a moderate degree of shock Roentgenograms of the skull showed 
no fracture 

Six days later his thoracic pain became more localized in the region of the 
upper portion of the anterior chest wall The other areas of contusion were no longer 
complained of but he felt a constant sense of substernal distress, with dyspnea, especially 
on movement A definite area of tenderness at the manubriosternal junction could not 
be quite sharply localized As he could now be moved without too much discomfort, 
more extensive roentgenologic examination was carried out, and it was possible to 
demonstrate a fracture-dislocation of the sternum, with backward displacement of tire 
manubrium (Fig i) Even with the knowledge so gamed, the displacement could not 
be made out by palpation 

Attempts at reduction by hyperextension were unsuccessful, and open reduction was 
considered necessary Operation was performed on November 27, 1942, nine da5's 
after injury, under local anesthesia The fracture line was exposed by a short curved 
incision about one inch below the point of fracture The depressed portion (manubrium) 
was elevated, but owing to a sloping fracture involving the posterior surface of the lower 
fragment, reduction could not be maintained and fixation was necessary This was 
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accomplished by a Kirschner wire, which was inserted through a point about two inches 
below the incision in the skin and passed upwards through the body of the sternum to 
cross the fracture line and penetrate superficially into the manubrium 

A second wire was passed transversely through the sternum and into the end of the 
second nb on the right side This was made necessary by a complete detachment at the 
second chondrosternal articulation The wires were allowed to project about three- 
quarters of an inch from the skin, and corks were applied to their ends (Fig 2) A 
postoperative roentgenogram showed complete reduction, with the wires in place 
(Fig 3) The skin wound healed pe) pi imam The wires were removed December 24, 
1942, four weeks after insertion, and the patient was permitted to leave the Hospital for 
sick furlough four days later The complete and permanent relief of all sj'mptoms from 
the moment of reduction was quite spectacular 

To the best of my knowledge, this method of fixation has not previously 
been reported While it is probable that many cases lequinng open reduction 
need no fixation, the simplicity and effectiveness of this method, when neces- 
sary, IS consideied sufficient excuse for its publication 

SmiMARY 

A case of fracture of the sternum with posterior displacement of the 
manubrium is reported 

A simple and effective method of fixation after reduction is described 
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MEETING HELD AT CINCINNATI, OHIO 
jMAY' 13-14-, 1943 


ADDRESS OF THE PRESIDENT 

THE IMPORTANCE OF FUNDAMENTALS IN 
SURGICAL EDUCATION-* 

Vernon C Da^^d, M D 

Chicago, III 

May I siiiceiely thank you for the honor of acting as your presiding 
officer at this meeting It is an office both unsolicited and unexpected but 
one winch will ever remain a high light in the professional life of the recipient 
The subject of my address to you is influenced, as, indeed, aie most 
of our thoughts and plans these days, by our active pai ticipation m the war 
Our whole social structure is profoundly aftected and is being remoulded 
to allow us more adequately and eftectively to do our part One aspect 
we feel is the impact of war on medical education and particulai ly on graduate 
education, and, with your indulgence, I shall consider some of its effects 
and consequences on surgical education and point out what seem to me 
important principles to maintain m oui post-war medical educational piogiam 
No such discussion is of the slightest value unless we win the war, and 
to that object the medical men of the allied countries are giving all of their 
energy and talents The tradition of seivice has always been fundamental 
m the practice of medicine but is never moie in evidence than in time of 
war The responsibilities of family, teaching, and practice are overnight 
transferred to active service by those whose youth and virility permit, while 
the older and less active attempt to become younger and moie active in 
all useful duties on the home fiont Medical men of the United States and 
Canada have reason to be proud of then participation in the uars of their 

* Presented before the American Surgical Association, Cincinnati, Ohio, ilaj 13 - 

14, 1943 
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countiies, and the essential necessity and quality of then services haie 
always been lecognized We have come a long way from the beginnings 
of out medical service in wai when, in 1775, the Provincial Congress 111 
anticipation of war, and as one of its first acts of preparation for war, 
authorized the purchase of fifteen surgeons’ chests, hoping to have one 
assigned to each regiment At the time of the Revolutionary War there 
were but two medical schools in the United States (Philadelphia, 1765, 
New York, 1760) both of which closed during the war and, up to that time, 
less than fifty medical degrees had been given by them There n^ere, how- 
ever, a number of Scotch and English doctors (among them Hugh Mercer, 
James Ciaig, and St Clair) who had settled in America and who volun- 
teered foi service, although most of them accepted commissions in the line 
To beai evidence of the quality of the medical men of those days, we 
are proud to remember that six doctors signed the Declaration of Inde- 
pendence, six became Brigadiers and several Major Generals The First 
Provincial Congress of Massachusetts had twenty-two medical men as 
members, two of the outstanding being Joseph Warren and Benjamin Church 
The participation of medical men of the United States in the First 
World War is still fresh m the memories of many of us There were 31,501 
of them commissioned officers Dr George Brewer, in his presidential 
address, in 1920, recounted the services of this Association One hundred 
and seven of our members held commissions in our own or allied armies 
Fifty-seven served m France, 22 were decorated for meritorious service, 
ten received citations, and 47 served in front areas during one or more 
great battles 

It will, therefore, be of little surprise that about 47,000 doctors have 
accepted commissions in this war From our owm society fifty are com- 
missioned officers , and many others are serving in an advisory capacity The 
complete record must be left to a later and more complete summary 

The effect of war on medical education is the tendency to lower standards 
in the preliminary education of medical students, to accelerate their medical 
instruction, and to greatly reduce graduate education All of these factors 
hold the threat of lowering the quality of medical education which, 111 
turn, limits the effectiveness of the medical man both in war and peace 
While perhaps in a degree necessary because of war, the threatened cur- 
tailment of premedical education strikes at the very foundations of educa- 
tion for, in order for the physician of the present or future to take his proper 
place in our social structure, he must not only write plainly and read under- 
standingly but he must have some knowdedge of what has happened to the 
world in the past in order to help build soundly for the future Doctors 
today play an important role m prescribing for society and its institutions 
as they rebate to public health as well as to care for bodily ills 

The accelerated medical curriculum leaves no time for the student to 
interest himself in other than routine work, and the short period of intern- 
ship and greatly curtailed resident system obviate to a large degree training 
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and imestigation cained out in the scientific laboiatoiies Our middle- 
aged gioup of surgeons who have attained their giaduate tiainmg have 
been piomptly and proper!) inducted into the Aiiny and Navy, with a 
consequent disoiganwation of main of oui hospitals, teaching, and dispensaiy 
staffs that leaves the oldei ones of us in the saddle doing out best to cany 
on with the determination to maintain our medical instruction at the highest 
level possible, and to piosecute investigation in problems arising m wai 
medicine The most serious results to medical education he m the cuitail- 
ment of a suiificient period of giaduate training and especially as it i elates 
to continuation of tiammg m the fundamental science blanches as applied 
to suigical pioblems 

If the wai lasts several yeais, theie will go out into mihtaiy service 10,000 
to 20,000 young medical men w'ho have liad no othei giaduate training than 
one year of inteinship Canadas effort to lecall fiom military service some 
of the most promising young medical men to teaching hospitals for a year 
ot resident training, as a rew’ard for meritorious service, is a wmrthy one 
and IS now being considered by our Navy This would not only serve as 
a rew'ard for outstanding service but w^ould render a picked group furthei 
education w'hich would be of signal service to the Army and Navy but 
would insure to post-w'ai medicine a needed lift in quality 

On the assets side of the wai ledger are many human values as w^ell as 
some educational ones In addition to the piide of service during war, oui 
young medical men in w'ar wall soon develop a sense of oiganization undei 
tiying conditions, will become more self-reliant, wall develop the power of 
quick decision, and wall place a high value on the simple fundamentals of life 
as loyalty, self-sacrifice and team wmrk, wfinch go far to develop a sound 
view'point which from now" on wall be of necessity a w^orld viewpoint Never 
before have circumstances and inclination combined moi e effectively to solid- 
ify OUI North American ideals, policies, and scientific objectives 

With the w’ar Avon, and our medical men returned to peace time activities, 
we Aviil be faced Avith many difficult problems for solution of Avhich I shall 
only consider the continuation of graduate training The mental unrest 
followang sustained Avar effort, the change of pace and objectnre in the day’s 
work, the necessity of reestablishment of home and sustenance, the changed 
emphasis on the values of life a\ ill make f 01 temporary disorganization in the 
lives of oui returning medical men, but Ave should not forget it is to that 
gioup that Ave must look for the medical leadership in the post-Avar days 
The outstanding men in suigeij during the past twenty years Avere practical!) 
all men who had risen to their responsibilities in Avar senace in the First Woifd 
Wai We must see to it that foi a similar group returning from this Aiai 
important posts are made available in oui medical schools and hospitals and 
that they are made to feel our confidence m their ability to leestablish and 
maintain high medical educational standards A Aer) large group of men 
having had one yeai of internship will go to iiar Avithout resident training 
Some of these men will continue active professional Avork m Army or Neaw 

163 



VERNON C DAVID 


Annals of burgery 
August, 19-n 


assignments but many will return to civil life with more worldly but little 
medical experience It is to be hoped that from this gioup many can be 
chosen for resident tiaming or be given assignments in the fundamental 
science laboratoiies so that their war age-group may be given the educational 
advantages which provide the cieative and imaginative mind with the neces- 
sary tools foi advancement of our knowledge m medicine 

The selection of such a group for further training will test our most 
mature judgment, for the factors of then experience and ability in war surgery 
must be weighed m the balance with available facilities and the proper 
number of carefully trained specialists deemed essential in our medico-social 
structure Above all, training of specialists requires, more than ever before, 
thorough grounding m the basic sciences 

It may not be without interest to briefly trace the importance of funda- 
mental science training in the development of surgery as a specialty 
While surgery has been practiced from the earliest times, as we know from 
the description of trephining and splinting in the i/th Century B C Smith 
Papyrus (which itself was a copy of an ancient Egj’^ptian manuscript), the 
mam incentive to the development of surgery was the care of war casualties 
Hospitals appeared from iioo to 1700, and there was an increasing tendency 
to tram surgeons m them The history of St Bart’s Hospital, London, 
founded in 1123, gives an impressive procession of such events A certain 
amount of surgical specialism developed in bloodletting, treatment of fistula 
by John Ardene (1306-90), and cutting for stone by Cheselden (1688- 
1752) It was as late as 1731, however, that the Royal Academy of Surgery 
of Pans was founded, which was entirely devoted to surgery and, in I74S» 
that the surgeons of England split entirely from the Barbers’ Guild 

Scientific surgery was brought to London by William and John Hunter 
Before their time surgery was an art dealing with individuals, as the late 
Sir Darcy Powers so aptly said William Hunter gave his first course of 
anatomy in 1746, and founded the Great Windmill Street School of 
Anatomists Numbering among its pupils were Hewson, Sheldon, Cruik- 
shank, and Bailie, and resulting from its work were definite advances in 
our knowledge of the circulatory and lymphatic systems Its teachings pro- 
duced surgeons of the caliber of Abernathy, Astley Cooper, and John 
Hunter, of London, Hey, of Leeds, and our own Philip Syng Physick, of 
Philadelphia John Hunter and his pupils took a wide view of surgery, 
and in their studies explored the architecture of the bodies of animals as veil 
as man, and founded a school of surgery that was devoted to investigation 
and advancement of knowledge mainly through anatomic and pathologic 
channels, for at that time chemistry was in its infancy and physics was 
first beginning as a science, and the compound microscope was not in use 
In the Royal College of Surgeons in Edinburgh is now housed the col- 
lection of anatomic dissections of Sir Charles Bell His interest and inves- 
tigations m the anatomy of the nervous system, earned on for fifteen years 
in the Great Windmill Street School, resulted in the description of both 
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the external respiratoiy nerve and peripheral seventh nerve palsy in 1821 
Later his “Anatomy of the Biain’’ gave an entirely new concept to the physi- 
olog}'^ of neivous tissue 

In France and Germany continuing wars were a hindrance to the develop- 
ment of scientific surgery but developed great technical surgeons, as Dupuy- 
tien, Larrey, and Bardeleben Working as an assistant to Dupuytien was a 
young man who observed with inteiest and cuiiosity that the application 
of Dupuytren’s spur-ci ushiiig clamp applied to the open end of opposing 
loops of bowel did not cut through the bowel to cause peritonitis He pondered 
on what caused the opening sui faces of the bowel to agglutinate As a result 
of many expeiiments on animals, Lembert desciibed, in 1S26, the agglutina- 
tion of opposing peritoneal sui faces by fibrin, and devised the Lembert 
suture, which principle has made gastro-intestinal suigery possible 

Largely as a result of the inspiration and training acquired in these fiist 
beginnings of scientific surgery in London, Edinburgh and France, Morgan, 
Shippen and Rush founded the first medical school 111 this country in Phila- 
delphia in 1765 The Warrens became the leaders of surgery m Massachu- 
setts, founded Harvard Medical School in 1783 and the Massachusetts 
General Hospital in 1811, which later, in 1846, in Warrens’ Clinic, became 
the setting for the first public demonstration of ether anesthesia McDowell 
returned from Edinburgh to Kentucky to perform the first ovariotomy in 1809 
Samuel D Gross, a founder and first president of this Association, pub- 
lished, in 1828, a translation of Boyle and Hollard’s “Manual of General 
Anatomy” followed, in 1830, by a book of his own, “The Anatomy and 
Physiology and Diseases of Bones and Joints,” which he said was “to dis- 
charge in part that debt which, accoiding to Lord Bacon, every man owes 
to his profession ” 

The development of the science of physics gave great impetus to the 
development of eye surgery when, in about 1831, von Helmholz invented 
the ophthalmoscope A young group of well trained general surgeons, by 
their scientific attainments, placed ophthalmic surgery on a high level 
Argyl Robinson, who became the great eye surgeon of his time, was first 
a house surgeon and later taught physiology 

Surgical pathology made great progiess after the development of the 
compound microscope, fiom 1812 to 1830, and schools of thought developed 
aioiind Viichow and, latei, Cohnheim 111 Geimany, Billioth, in Vienna, and 
Sii James Paget, in England Students were attracted from many paits 
of the world and they, in tuin, spread the gospel of sound pathological 
tiaining as fundamental to good practice of medicine 

As late as 1864 the causes of fermentation, putrefaction, and suppuration 
m wounds was unknown, and m that year Pasteur exploded the theory of 
spontaneous generation as a cause of putrefaction This fundamental nork 
almost immediately attracted the attention of Joseph Lister, whose eaily 
education ma} be of some interest m emphasizing the importance of training 
in the basic sciences in preparing the creative clinician 
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Joseph Listei (boin in 1827) had an illustrious fathei, a merchant by 
occupation, but with many scientific mterests He was especially concerned 
with the development of the acromatic lens of the microscope In Ins 
medical education Lister early came undei the guidance of Sharpey in 
physiology and, later, Nolan m chemistry, both of whom had a great in- 
fluence in his understanding of wound healing He then had a sound course 
of clinical instruction under James Syme, Professor of Surgery at Edinburgh 
His earliest papers m Edinburgh were on duration of vitality m tissue, early 
stages of inflammation, gangrene, coagulation of the blood, the function and 
stiucture of nerves regulating contraction of arteries — all basic studies 
which leflected the breadth of his thought and training In Glasgow he had 
a large service m traumatic surgery and became intimately acquainted vith 
the consequences of infection and the enormous mortality following wounds 
or surgical operations A most natural reaction was his interest m, and study 
of, the distressing sequelae of A\ound infection, gangrene, and death There- 
fore, following Pasteur’s announcement and during the incumbency of the 
Edinburgh chair (1869-77) he -was largely concerned m Avorkmg out the 
principles and details of the antiseptic methods which revolutionized surgical 
procedures Pasteur’s work found Lister m an advantageous position to 
appreciate the importance of his work as it related to vound infection 
Lister’s contributions were no accident but were made possible by his train- 
ing in basic science, and found him with the tools m his hands to apply 
Pasteur’s gieat discovery to the pievcntion and treatment of wound infection 

Due largely to the extraordmaiy ^^olk of Pasteui and Listei and aug- 
mented materially by further contributions m bacteriology, pathology, physi- 
ology, and chemistr)’- by Koch, Vircho\\, Johannes Muellei, Claude Benard 
and Liebig, antiseptic and then aseptic surgery became firmly established 
m the last half of the 19th Centur}'^ During the lifetime of most of us 
there has developed with staithng rapidity the extension of surgery to every 
part of the bod)'-, bringing new problems for solution, both fundamental 
and technical, which has resulted in the greatest waA'e of specialism surgery 
has ever seen In addition to the oldei specialties, neurosurgery, thoracic 
suigery, plastic surgery, vascular surgery, and reconstruction surgery have 
made progress that has been phenomenal As one would expect, the most 
important contributions have come from men who have had the broadest 
tiainmg m general surgery, surgical principles and in the basic sciences 
All of us have been witnesses and many of you have been participants in the 
advance m our knowledge of shock, hemorrhage, coagulation of the blood 
maintenance of fluid balance, blood eleclrolites and plasma protein, wound 
healing, ti ansplantation of tissues, treatment of infections, decompression 
of the gastro-mtestmal tract, surgical bacteriology, pathology and growth 
phenomena of tumors of the bone, gastro-mtestmal tract, lung, and ductless 
glands We have also witnessed visualization of the gastro-mtestmal, biliary 
and urogenital tracts, blood vessels, lung and brain, but to mention some 
of the most impoitant contiibutions 
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The wide diveisities of interest or specialism m surgery is but a natural 
outcome of its increased horizon and to maintain a proper prospective m its 
proceedings, the American Surgical Association has in recent years elected 
to Its membership leaders in the various fields of special surgery This 
policy should be continued for it affords this Association an opportunity to 
assume leadership in influencing further and proper development of spe- 
cialized surgery The danger of inbreeding specialism rears its head where 
specialists tram specialists to the point of attrition of sound general principles 
This can be avoided by insisting that specialism should be synonymous with 
maturity based on training in the fundamentals both scientific and technical, 
which so often leads to advance m knowledge 

The establishment of American Boards for certification of specialists 
surely had these principles in mind In General Medicine, the requirement 
of broad training m general medicine before certification of specialists in 
cardiology, gastro-enterology, allergy, etc , must be preceded by certification 
by the Board of General Medicine In surgery, however, the only special 
group required to have prior certification m general surgery are the proc- 
tologists This does not and should not infer that the surgical specialty 
boards are not in complete accord as to the value of training m the basic 
sciences and principles of surgery It does indicate, however, that w^e have 
gone our respective ways wdthout having established a common denominator 
in requirements of basic training which is essential to all surgery Could we 
not with profit to the future value of our surgical certifying boards meet 
together wnth an object of unifying our standards for surgical training and 
to take a fiim position against the establishment of additional specialty boards 
until ive have w^ell integrated our piesent problems As a first step in 
indicating our mutual belief in the value of training in the basic sciences, 
would it not be well to consider giving a single examination for all the 
surgical specialty boards covering principles of surgery as wound healing, 
hemorrhage, coagulation of the blood, thrombosis, anesthesia, surgical infec- 
tions, fluid balance, as well as concepts of anatomy, physiology, chemistry, 
bacteriology, and pathology as applied to surgery in general This examination 
would be but a preliminary requisite to the other examinations required and 
given by the several surgical specialty boards but rvould at once tend to unify 
our requirements in the fundamentals I am sure we are all interested, first 
of all, in developing sound surgeons w'hose subsequent interest in special 
fields will be tempered wnth breadth of vision so essential to sound progress 
and the establishment of new^ frontiers As an encouraging beginning, the 
American Boaids of Orthopedic Suigery and General Surgery are now dis- 
cussing the desirability of having a single preliminary examination in funda- 
mentals wdiich candidates must pass before taking the further examinations 
required by each of the twm Boards 

As an added impetus to keeping our medical instruction as well as our 
specialties firmly based on the fundamental sciences I have felt for a long 
tune tliat our medical curriculum should be reoigani/ed to still furthci merge 
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the pieclinical and clinical yeais Theory and piactice could well be closer 
integiated As we now plan to give our most promising residents and 
associates additional training m the fundamental sciences so that they inaj- 
have at their command the science methods so necessary in the study of 
basic aspects of disease, why should not the fundamental science depart- 
ments m turn send one oi moie of then well trained young men into the 
waids of oui teaching hospitals^ Theie they would find already established 
foi study living pathology of tunioi growth, ulceration of the gastro- 
intestinal tract, stone foiination, circulatory disease, problems i elating to 
ductless glands, anesthesia, and all vaiieties of infections, to mention but a 
few of the pioblems awaiting solution The stimulating and regulating effect 
of the study of disease by clinician and fundamental scientists working side 
by side is well known to medical loi e One has but to peruse that delightfully 
written “Short Histoiy of Cardiolog}^” by James B Herrick, to appreciate 
the role that anatomy, pathology, physics and clinical bedside knowledge has 
played m intimate teamwork m advancing our knowledge and recognition of 
diseases of the heart and cii dilatory system After describing the mutual 
stimulation afforded to Rokitansky, the pathologist, and Skoda, the clinician, 
in their woik, he quotes Rokitansky’s remarks on lehnquishing the chair of 
pathology to the effect that his work in pathologic anatomy was only the 
foundation foi scientific investigation in the sphere of medicine and a basis 
for a science of pathologic ph} siology 

The classic study of tiie physiologic aspects of arteriovenous aneurysm, by 
Sir Thomas Lewis, was cai ned out on patients The outstanding physiologic 
contributions of Ivy, Mann and Best on the stomach, liver and blood coagula- 
tion, have enlisted the enthusiastic coopeiation of the clinical departments and 
have pointed the way to turther fact-finding studies in which scientific labora- 
tory methods can be applied to tlie living patient 

It has never seemed to me entiiely sound to have our science departments 
so often divorced from our teaching iiards In clinical teaching we have 
long since abandoned the dry quiz class exercises dealing with theory and 
more and more have introduced oui students to patients in the wards in 
whose study and care they have taken an inci easing part In addition to the 
clinical investigation carried on by our own staff men in oui hospitals and 
laboi atones, would it not be helpful and stimulating to student, staff and 
science workei alike to have the lattei also cairying on investigative work in 
our hospital wards m the field of his choice^ As Helmholtz, the eminent 
physiologist and physicist said “The purpose of science is to comprehend 
reality, for the investigator wishes to know what his work has done for 
the great problems of human life ” It would be hard to deny that it would 
be profitable to bring the fundamental study of anatomy closer to clinical 
medicine It is my impression that there are relatively few teaching hospitals 
where the bactenologic study of surgical infections and so-called routine 
bactenologic examinations reach a high level of exactitude It is not possible 
in every clinical department to have clinicians fundamentally trained and 
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with sufficient free time to adequately cover the possibilities for study of 
disease from the anatomic, physiologic, bactenologic, chemical and pathologic 
standpoints, and it seems logical to me to develop more of an overlap of 
interest in problems of the sick patient between clinical and science depart- 
ments I venture to suggest that this closer integration between theory and 
practice in medicine would be easier to attain if the heads of our science de- 
partments were doctors of medicine as well as holders of degrees in then 
respective science depaitments 

In the post-war days, when funds for graduate training will undoubtedly 
be less, it would also be economically sound to promote an overlap in the 
interests and activities of clinical and fundamental science departments which 
would in no way mteifeie with their basic functions but which would pro- 
mote an even exchange of peisonnel who are interested in investigation The 
value of such contacts to the student clerk in the ward would surely broaden 
his viewpoint and emphasize the importance of scientific companionship m 
care of the patient and study of his problems 

It is significant that other piofessions aie experimenting with the idea 
of bunging their students studying theory into contact with practice For 
some years the University of Cincinnati has sent their student engineers 
from a period of work m college out into industry for a few months and 
has then brougnt them back to the laboratoiy Noith western University 
has recently dedicated a large engineering school to that system of instruc- 
tion Mr Kettering, of the General Motors research staff, speaking on 
that occasion, emphasized the importance of this principle due to the varia- 
tions occurring in the application of theory to practice as well as to the 
understanding of the human elements involved Basic advances in medicine 
in the past have been the result not only of creative but well trained minds 
It is probably beyond human understanding to develop the former but it 
IS possible to afford opportunities for sound training in the fundamental 
sciences as well as in technical fields 

It IS my thesis that in the difficult post-war days, a large shaie of oui 
funds and efforts should be expended m giving such opportunities to as many 
woithy candidates as possible, that our suigical specialties should mutually 
maintain a broad base in fundamental science requirements in an effort to 
keep their viewpoint a wide one It is my hope that we may seriously discuss 
the feasibility and desii ability of bringing theory and practice closei together 
in oui medical curriculum 

The long, hard grind to obtain a sound training may discourage some 
but the stout heart which condones no short cuts will recognize the advan- 
tage of quality in training The young man planning for his graduate train- 
ing m surgery should be helped to realize how impoitant it is that he should 
come into active participation m clinical surgery not only with a knovv ledge 
of Ins subject from the diagnostic and technical side but should bring as a 
pait of his tools for uork a special knowledge of one or more of the 
fundamental sciences of medicine wFich at once null give him a useful 
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backgiound for the study of some basic aspect of disease Equally applicable 
to prosecution of the war for the maintenance of freedom and our way of 
life as well as to our efforts to maintain and improve educational standards 
are the words from “Pilgrim’s Progress ’’ 

“Some have thought there may be a passage forthwith to then 
father’s house with no more hills and valleys to go over, but the way 
IS the way and let this suffice ” 

In conclusion, I wish it were given to me to adequately express this 
Association’s pride in and admiration for the young men and women of our 
country who, at home and in distant lands, are carrying on the finest tradi- 
tions of service A while back we weie inclined to w-orry about our younger 
generation and their reactions to our unsettled society Today we have 
occasion to bless them not only for their deeds but for the realization that our 
country and its institutions are safe indeed m their hands Sharing fully in 
their valor and high service are our colleagues in medicine now in the armed 
forces Today w'e especally salute our fellow members of the American 
Surgical Association wdio are giving all of their energy and talents to the 
problems centering around prevention of disease and the rehabilitation of 
our sick and wounded They are writing another w'orthy chapter in the 
annals of this Association 
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THE STUDY OF THE PREVENTION OF INFECTION IN 
CONTAVnNATED ACCIDENTAL WOUNDS, 

COIMPOUND FRACTURES AND BURNS=^ 

Frank L Meleney, M D f 
New York, N Y 

Two YEARS AGO, at a meeting of the Ameiican Suigical Association, a 
paper was read by title which outlined a plan foi the study of war wounds 
The plan called for ten units in as many different cities, each unit to be fully 
equipped with clinical and laboratory facilities to care for and study cases of 
civilian accidental -wounds, compound fractuies and burns which would simu- 
late war casualties All of the wounds weie to be treated basically by as com- 
plete a surgical debridement as possible The debnded tissue was to be sent to 
the laboratory for a complete analysis of the bacterial flora A limited number 
of different kinds of local and general treatment, with a proper series of 
controls, were to be employed to appraise, if possible, the newer chemo- 
therapeutic agents m the prophylaxis and in the treatment of wound infection 
Careful observations and records -were to be made of the course of wound 
healing and particularly of any evidence of infecbon If infection developed, 
its nature and etiolog}’’ was to be determined by further laboratory studies 
and the cause of the failure of the preventive measures was to be analyzed 
A carefully prepared summar}^ sheet was planned to contain all of the avail- 
able data from the record of the case which might indicate what factois 
favor or minimize the development of infection These data could then be 
tiansferred to punch cards foi statistical analysis 

Six months later the plan was finally approved by the Committee on 
Medical Research of the Office of Scientific Research and Development but 
it was limited to eight of the original ten units Before the personnel could 
be mobilized and equipment purchased, Pearl Harbor was bombed and we 
were at war The question of the best way to use the new chemotherapeutic 
agents in war wounds still remained unanswered because it had been im- 
possible to evaluate the drugs m England The rapid evacuation of patients 
from hospital to hospital m a centrifugal manner had made it difficult to 
follow cases from the beginning to the end of the treatment 

On February i, 1942, the eight units began to function The oiiginal 
plan was altered to a considerable extent by the reports which came back 
from Pearl Harbor Obsen^ers ^\ho saw the casualties there were pro- 
foundly impressed by the lo^^ incidence of wound infection, which they 
believed to be due to the copious application of sulfanilamide to the wounds 

'*' Read befoie The American Surgical Association, Cincinnati, Ohio, May 13-14, 1943 
t Representing tlie Subcommittee on Surgical Infections of the National Research 
Council, and the responsible investigators of the Contaminated Wound and Burn Project 
under the Committee on Aledical Research of the Office of Scientific Research and De\ el- 
opment, Doctors Guy Caldwell Warfield Firor Charles Johnston Sumner Koch John 
1 ockwood Pei I 111 long, Champ Ljons, Roy ]^rcChirc, Alton Ochsncr, Afont Reid and v 
Frank A^clenc^ , Chairman 
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Our original plan called foi observation on control cases without drugs and 
other contiols receiving treatment with local bacteriostatic agents other than 
the sulfonamides But, said the Pearl Haibor observers '‘You cannot with- 
hold from these patients the benefit of the sulfonamide drugs ” 

Instead of twelve different categories to cover the whole field as we 
oiiginally planned, we reduced the range of our investigation to one principle 
method of treatment, with one optional control In so doing, it was recognized 
that we might have all of oui eggs in one basket and find, after a period of 
time, that the basket would fall and the eggs be bioken 

During the period of oui delay, sulfadiazine had come into use It was 
found to be less toxic than sulfanilamide, less nauseating than sulfapyridine, 
and less likely to block the kidneys than sulfathiazole Its lange of anti- 
bacterial activity was thought to be as wide as any of the other drugs and 
it w^as, therefore, decided upon as the drug of choice foi systemic adminis- 
tration For local application it w'as decided to use equal paits of sulfa- 
nilamide and sulfadiazine powder on the theoiy that the sulfanilamide m a 
concentration of looo mg % w'ould be active for several days before it w^as 
absorbed The more slowdy absorbable sulfadiazine wmuld then continue to 
act over a long period of time, possibly as long as ten or fourteen days 
Seven of the eight units undeitook to study all three of the major categories 
of injuries, namely, soft-part injuries, compound fractures and burns, w'hile 
the eighth concentrated on bums 

With regard to burns theie w'eie stiong advocates foi three diffeient 
methods of treatment These weie (i) the tannic acid method, (2) the 
vaseline compression diessing method, and (3) the sulfadiazine in tiiethan- 
olamme spray A foiii th experimental method w'as permitted each of the units 
No attempt was made to dictate procedures The surgeons were directed 
to perform as complete a debridement of the wmunds as possible, but beyond 
that they were given full hbeity to decide other details of the treatment 
In those units in which non-diug tieated contiols w^ere used, every care was 
taken that there should be no selection of control or treated cases but that 
they should alternate regularly 

Great caie was taken to make accuiate obseivations and careful records 
so that we w'ould know^ just how the cases w^ere handled It was decided 
that all those having the caie of tlie patient should determine as a group, 
whethei 01 not infection bad developed and w'hetbei it was trivial 01 seiious 
The criteria of infection included not only the bactei lologic findings but the 
clinical evidence of inflammation, namely, ledness, swelling, pain, fever, 
undue exudate, necrosis of tissue, 01 delay of wound healing There may 
have been differences of opinion on individual cases but we believe that, on 
the whole, the personal equations have been pretty w^ell neutralized As 
the responsible investigators of the different units have gathered m Washing- 
ton to talk over their experiences, it has been obvious that all of the units have 
had similar experiences and remarkably similar results 

The summary sheets weie completed as soon as possible aftei the healing 
of the wmund had taken place Preliminary reports w^eie sent in on all com- 
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pound fractuies within two months and changes have been incorporated later 
in the recoid if infection or delayed bone healing supervened 

As the lecords came in, the data weie transferied to punch cards and 
were then analyzed according to common factors For the most part, it w^as 
possible to divide the case into two or three groups within each category, for 
example, they were separated into those having maximum and those having 
minimum gioss contamination and similarly maximum and minimum tissue 
damage Those operated upon wnthin three hours were compared with those 
operated upon after thiee houis With regard to wound closure, three groups 
w^ere compared, namely, wounds left open, wounds partially closed and 
w^ounds completely closed And so forth with all of the factors which we 
thought might play a role in favoring or minimizing the incidence of 
infection In each of these groups the number and percentage of trivial 
and serious infections have been determined As the summary sheets steadily 
accumulated m the central office the number of cases in each group steadily 
mounted and it became necessary to apply the statistical formula which bio- 
statisticians use to determine wdiether percentage differences are statistically 
significant or may be due merely to chance 

The records from the first 1500 cases have been summarized in the present 
report These include 682 w^ounds of the soft parts, 471 compound fiactures, 
and 347 burns Each group has been dealt with separately, although they 
have much in common wffien it conies to a consideration of those factors 
which tend to favor or minimize the incidence of infection These factors 
inherent in w^ounds and burns have been well known to surgeons for a long 
time, and they have known many ways of aiding nature to ward off infection 
A study of this kind w^ould not be warranted at this time if some new method 
of combatting infections had not come to light wffiich must be thoroughly 
evaluated wuth respect to w ar wounds and burns 

With the advent of the newer chemotherapeutic agents, the surgeon 
now' has, the opportunity of applying to the wound surfaces or administering 
internally a bacteriostatic agent Howevei, these may not be used without 
some risk of toxicity to the blood forming organs, liver and kidneys Further- 
moie, It is know'n that certain conditions may be piesent in w'ounds and burns 
which may inhibit the bacteriostatic action of these drugs 
The lesults aic showm in the accompanying table 

Table I 


INCIDENCE or INFECTION IN 1500 CASES DIMDED INTO THE 

THREE MAIN CATEGORIES 



Soft-Part Wounds 






Totals 

% Infected 

Totals 


Oi 

00 

N3 



Serious infection 


38 

S 6 


Tm lal infection 


7-1 

10 9 

16 S 


Compound P raclures 




Totals 


471 



Serious infection 


55 

11 7 


Tru lal infection 


47 

10 0 

21 7 


Burns 




Totals 


347 



Serious infection 


60 

19 0 


Tn\ lal infection 


80 

23 I 

42 1 
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SOFT-PART WOUNDS 

W e find cin inculcnce ol 165 pci cent of infection in soft-pait wounds as a 
whole with twice as many tiivial as serious infections There is no cleai- 


cut division between these two 

gioups, foi 

TvnLC II 

one shades off 

into the 

0 th ei 

PI RCI NTAri 01 IM t CTION IN COMPARAIIl T CROP PINGS IN 682 SOPT-PVRT WOUNDS 

Totals % Infected 

Serious Trivial 

Shock 


1 66/ 

10 8’^ 

11 8 

No shock 


509f 

1 O' 

10 0 

Maxuiiiim tissue daimgc 


340- 

8 i}^ 

11 2 

Mimiiiiim tissue dmnge 


141# 

1 2 * 

8 5 

AlTviiniim gross connmimtioii 


241 

7 81 

13 9 

Minimum gross coin immation 


437 

4 4* 

9 2 

Opemtioii before three hours 


413* 

1 4* 

10 7 

Operation ifter three hours 


266# 

9 01^ 

11 3 

Maximum washing 


178- 

8 4* 

18 0 

Minimum washing 


502 f 

4 6* 

8 4 

Complete d6bndement 


431* 

4 6’t 

9 2 

Incomplete dtbridement 


216* 

7 41 ^ 

14 4 

W^oiind left open 


57 

I 8* 

10 5 

Parti il closure 


s8 

12 ) 1 = 

19 0 

Complete closure 


567 

8 1* 

10 1 

Partial or complete closure wath tension 


15^ 

14 71 - 

16 4 

Partial or complete closure without tension 


375# 

5 3* 

8 8 

Tendon repair 


114* 

9 61- 

10 5 

No tendon repair 


401# 

2 7-* 

11 2 


i- Data incomplete 
* Statistically significant 


Serious infections aie associated significantly wuth shock, wuth heavy gross 
contamination and wnth seveie tissue damage Opeiation after three hours, 
incomplete debiidement and prolonged w^ashing are associated with a high 
mcidence of infection The figuies for prolonged w'ashing are surprising 
These results may indicate that w^ashing of a diit}'^ wound before debridement 
may disseminate the organisms throughout the w'ound, and irrigation all 
during the operation may wash oiganisms in from the surrounding skin and 
further damage tissue Wounds wdiicli aie paitl)'’ closed show'ed a highei 
figuie than eithei those left open 01 those completely closed This ma}’- mean 
that paitial closuie fiequently had sutures undei tension 01 the suigeon had 
giave doubts that the w^ound should be closed In this series the com- 
pletely closed wound cases w^ere ten times as numeious as those left open 
01 those partially closed Closuie undei tension, w^hen that was noted, 
frequently seemed to play a majoi role m the occurience of infection Tendon 
lepair cases show^ a high rate of infection and the sulfonamide diugs have 
not lowered this rate By every method of giouping these cases from the 
point of view of chemotherapy, we can find no evidence that eithei sulfa- 
nilamide or equal paits of sulfanilamide and sulfadiazine locally or sulfa- 
diazine geneially with 01 without the local use of drugs have cut down the 
incidence of local infection It is tiue, however, that the incidence of 
septicemia or of death is extremely low'^ in this senes and it may be fairly 
stated that the spread of infection from the local site has been minimized, for 
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Tabll III 

iNCinKNcc or inflction js drug treati'd evsrs and in comp\r\bec controls in 682 soet-part wounds 



Totals 

% Infected 

Local Sulfanilamide and Sulfadiazine in equal parts, 

188 



Serious infection 

8 

4 3 


Trivial infection 

23 

12 2 

16 5 

Local Sulfanilamide 

197 



Serious infection 

13 

6 6 


Trivial infection 

31 

15 7 

22 3 

Total local Sulfonamide 

397 



Serious infection 

23 

5 8 


Trivial infection 

54 

13 6 

19 4 

No local drug 

281 



Serious infection 

14 

5 0 


Truial infection 

20 

7 1 

12 1 

General Sulfadiazine 

452 



Serious infection 

27 

6 0 


Trivial infection 

56 

12 4 

18 4 

No general Sulfadiazine 

223 



Serious infection 

10 

4 9 


Trivial infection 

17 

7 6 

12 5 

General Sulfadiazine without local Sulfonamide 

81 



Serious infection 

6 

7 4 


Trivial infection 

4 

4 9 

12 3 


cases which have become infected either during the administration of drug oi 
without preliminary drug treatment have all been given systemic sulfonamide 
treatment, if, and when, they could tolerate it 


Table IV 


Total 682 


Lesion 

Operation 

Primary drug 

Secondary drug 
Cause of death 
Da> of death 
Principle organisms 


soft-part wounds 

Deatli from Infection, 2 — Both Wounds Closed 

Case I Case II 


A\ ulsion of scalp 
Debridement, closure with tension 
0 

Sulfadiazine 
Meningitis 
24th + 

Coag -pos staph , B pyocyaneus 


Stab wound of chest, abdomen 
diaphragm stomach 
Debridement, closure without 
tension 

Sulfanilamide locally 

Sulfadiazine generally. 

Sulfadiazine 

Empyema 

3rd 

Hemolytic strept Group F 


There were only tw'o deaths from infection, or 03 per cent One 
developed meningitis on the 24th day after an avulsion of the scalp No 
primary drugs were used The other died on the third day followung a 
stab w'ound of chest, diaphragm and stomach from a Gioup F hemolytic 
streptococcus emphyema Primary drug was used, both locally and generally 


Table V 

showing the number of cases melding hemolttic streptococci in the dCbrided tissue the number 

IN WHICH THIS ORGANISM PERSISTED AND THE NUMBER OF CASES IN WHICH THIS ORGANISM APPEARED AS A 



NEW CULTURE WTTH AND WITHOUT SULFONAMIDE TREATMENT 

Soft-Part Wounds — 682 

Debnded Tissue Persisting 


New 



Total 

% Infected 

Total 

% Infected 

Total 

% Infected 



Ser 

Tnv 


Ser Tnv 


Ser 

Tri\ 

Hemolj, tic Strep 

36 

16 7 

25 0 

5 

40 0 60 0 

12 

41 6 

25 ( 

Gen 1 sulf 

29 

20 7 

27 6 

5 

40 0 60 0 

11 

36 4 

27 ; 

No gen'l sulf 

7 

0 

14 0 

0 

0 0 

1 

100 0 

0 

Local sulf 

26 

15 4 

30 8 

4 

25 0 75 0 

11 

36 4 

27 : 

No local sulf 

10 

20 0 

10 0 

1 

100 0 0 

1 

100 0 

0 
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Table VI 

bHOWIXG THE NUMBER OE CASES MELDING COAGULASE POSITIVE StapkyloCOCCtlS OtlrettS IN THE D£bRIDED TISSUE 
THE NUMBER IN WHICH THIS ORGANISM PERSISTED AND THE NUMBER OF CASES IN WHICH THIS ORGANISM AP 
PEARFD AS A NEW CULTURE WITH AND WITHOUT SULFONAMIDE TREATMENT 

Soft-Part Wounds — 6S2 

Dcbrided Tissue Persisting New 








■s 



" -v 


Total 

% Infected 

Total 

% Infected 

Total 

% Infected 



Ser 

Tri\ 


Ser 

Triv 


Ser 

Triv 

CoTg-Pos Staph Aureus 

58 

8 6 

19 0 

15 

20 0 

60 0 

44 

20 4 

59 1 

Gen 1 sulf 

46 

8 7 

21 8 

14 

14 3 

64 3 

36 

22 2 

61 2 

No gen 1 sulf 

12 

8 3 

8 3 

1 

100 0 

0 

8 

22 5 

50 0 

Local sulf 

45 

6 7 

22 2 

14 

14 3 

64 3 

34 

14 7 

64 7 

No local sulf 

13 

15 4 

7 7 

1 

100 0 

0 

10 

40 0 

40 0 


Table VII 

SHOWING THE NUMBER OF CASES MELDING PATHOGENIC GRAM NEGATIVE AEROBIC BACILLI IN THE d£bRIDED 
TISSUE THE NUMBER IN WHICH THESE ORGANISMS PERSISTED \ND TIIF NUMBER OF CVSES IN WHICH THESE 
ORG\NISMS APPEARED AS NEW CULTURES W ITH AND W ITIIOUT SULFONAMIDE TREATMENT 

Soft-Part Wounds — 682 

Dfibrided Tissue Persisting New 



Total 

% Infected 

Total 

% Infected 

Total 

% Infected 



Ser 

Tri\ 


Ser 

Tnv 


Ser 

Tnv 

Pathogenic Gram-neg 
Aerobic Bacilli 

162 

8 6 

12 3 

27 

33 3 

37 0 

19 

36 8 

52 6 

Gen 1 sulf 

114 

9 6 

14 0 

21 

33 3 

42 9 

16 

31 2 

56 3 

No gen 1 sulf 

48 

6 3 

8 3 

6 

33 3 

16 7 

3 

66 7 

33 3 

Local sulf 

93 

10 7 

17 2 

21 

33 3 

42 9 

14 

28 6 

57 1 

No local sulf 

69 

5 8 

5 8 

6 

33 3 

16 7 

5 

60 0 

40 0 


Table VIII 

SHOWING THE NUMBER OF CASES YIELDING CloStndlUm odchlt IN THE d£BRIDED TISSUE THE NUMBER IN WHICH 
THIS ORGANISM PERSISTED \ND THE NUMBER OF CASES IN WHICH THIS ORGANISM APPEARED AS A NEW CULTURE 

WITH AND WITHOUT SUI FONAMIDE TREATMENT 

Soft-Part II ounds — 682 

D6bnded Tissue Persisting New 



Total 

% Infected 

Ser Tnv 

Total 

% Infected 

Ser Tnv 

Total 

% Infected 
Ser Tnv 

Clostrtdtum Welclut 

97 

8 2 

17 5 

10 

40 0 

20 0 

6 

33 3 

33 3 

Gen 1 sulf 

75 

10 7 

16 0 

10 

40 0 

20 0 

6 

33 3 

33 3 

No gen 1 sulf 

22 

0 

22 7 

0 

0 

0 

0 

0 

0 

Local sulf 

67 

10 4 

16 4 

9 

44 4 

22 2 

6 

33 3 

33 3 

No local sulf 

30 

3 3 

20 0 

1 

0 

0 

0 

0 

0 


Table IX 


SHOWING THE NUMBER OF CASES VIELDING ANAEROBIC COCCI IN THE DEBRIDED TISSUE THE NUJIBER IN WHICH 
THESE ORGANISMS PERSISTED AND THE NUMBER OF CASES IN WHICH THESE ORGANISMS APPEARED AS NEW CUL- 
TURES W ITH AND WITHOUT SULFONAMIDE TREATMENT 


Soft Pari Wouttds — 6S2 


Debnded Tissue 



Total 

% Infected 

Anaerobic Cocci 

70 

Ser 

7 2 

Tnv 
12 9 

Gen 1 sulf 

40 

5 0 

10 0 

No gen 1 sulf 

30 

10 0 

16 7 

Local sulf 

35 

5 7 

11 4 

No local sulf 

35 

8 6 

14 3 



Persisting 



New 


Total 

% Infected 

Ser Tnv 

Total 

% Infected 
Ser Tnv 

5 

60 0 

20 0 

3 

33 3 

66 7 

4 

50 0 

25 0 

3 

33 3 

66 7 

1 

100 0 

0 

0 

0 

0 

4 

50 0 

25 0 

3 

33 3 

66 7 

1 

100 0 

0 

0 

0 

0 
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The bacteriology has been interesting and important We must remember 
that these are almost always mixed cultuies and bacteiial synergisras and 
antagonisms may play an important role but ceitam organisms stand out as 
most impoitant, namely the hemolytic streptococcus, the coagulase-positive 
staphylococci, the pathogenic giam-negative bacilli, the Welch bacillus and 
the anaerobic cocci These were found m the debrided tissues in many cases 
but in the great majority they did not persist, being removed either by the 
operative procedures or by the local defenses of the body or by both How- 
ever, m many instances oiganisms of these same groups appeared in latei 
cultures in cases in which they i\ere not originally found These may have 
been there oiiginally and were not recovered, but the chances are that tliey 
often represented secondary contamination occurring during the course of 
treatment, particulaily m open compound fractures and burns We were 
anxious to find out whether the sulfonamides would eliminate the organisms 
found in the debrided tissue and prevent secondary contamination and infec- 
tion, but such was not the case There was no greater reduction of the 
original contamination nor of the secondary contamination m the drug treated 
cases than m the controls which received no drug 

COiMPOmm FfiACTURES 

In discussing the results in compound fractures it should be clearly under- 
stood that we have only considered this problem from the point of view of 
infection It is recognized that a compound fiactuie has two elements, 
namely, the break in the bone and the wound of the surrounding soft parts 
and skin The end-result desired is a normally functioning member, with 
firm bony union and freely contracting muscle around the bone and freely 
moving joints on either end of the fractured bone This end-result is ma- 
terially altered or delayed by infection within or around the bone or by 
infection in the soft parts Infection is more likely to occur and is much 
more serious when it develops in a compound fracture than when it develops 
in a soft-part wound Bone is less resistant to infection than soft parts 
and It is trequently cut oil from its blood supply either as a loose frag- 
ment or as the exposed end of the shaft which has been stripped of its 
periosteum Infection may either develop at once, within the first few days 
after the injury, or start up with the fiist efforts to obtain full motion of 
the part, or he dormant foi months after the wound has apparently healed 
and suddenly or gradually develop after some trauma or some general 
lov ering of resistance 

In this series the compound fiactuies have been grouped in many 
difterent ways according to the common factors and, uhile in every cate- 
gory there are othei factors at i\ork beside the common factor, this seems 

to be the only way m uhich the significance of these factors can be 
determined 
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Table X 

rrRcrNT\cr oi jnei ction is comi MiAjiir crolpings is *171 compolsii rR\cTUREs 



Totals 

% 

Infected 



Serious 

Trivial 

Major fracture 

275 

14 2 

8 0 

Minor fracture 

196 

8 2 

12 7 

Shock 

n2|e 

19 6* 

8 0 

No shock 

3Sif 

9 3* 

10 7 

Maximum contamination 

234 

16 7* 

8 3 

Minimum contamination 

237 

6 8* 

11 4 

Maximum tissue damage 

360 

13 6* 

11 1 

Minimum tissue damage 

ttl 

5 4* 

6 3 

W'ound left open 

9ir 

16 51- 

11 0 

Partial closure 

73* 

19 2* 

11 0 

Complete closure 

304f 

8 6* 

9 5 

Fracture plated 

S4f 

27 8 

9 3 

Plaster immobilization 

2154 

14 0 

6 3 

Skeletal traction 


17 7 

9 7 


f Dita incomplete 
* Statiiticillj significant 


We find that shock, maximuin gioss contamination and maximum 
tissue damage aie associated ^\ltl^ the most serious infections Earl) operation, 
complete wound debridement and prolonged wound washing do not appear 
to play as important roles as wuth soft-part wounds The incidence of serious 
infections, when the w'ounds aie closed completely, is less than when the 
wounds are left open or are partially closed This has been a consistent find- 
ing throughout the study and it seems to be leasonably explained when w'e 
consider that w'ounds which are left open, wnth fractured bone exposed, are 
subject to secondaiy contamination over a fairly long period of time before 
the bone has had a chance to grow a piotective coveimg of granulation tissue 


Table XI 

INCIDENCE OF INFECTION IN DRUG-TRF^TED CASES AND IN COMPARABLE CONTROLS IN 471 COMPOUND FRACTLRES 



Totals 

% Infected 

Local sulfanilamide and sulfadiazine in equal parts 

145 



Serious infection 

18 

12 4 


Trivial infection 

26 

17 9 

30 3 

Local sulfanilamide 

172 



Serious infection 

20 

11 6 


Trivial infection 

11 

6 4 

18 0 

Total local sulfonamide 

225 



Serious infection 

41 

12 6 

24 0 

Trivial infection 

37 

11 4 

No local sulfonamide 

141 



Serious infection 

14 

9 9 

14 9 

Trivial infection 

7 

5 0 

Total general sulfonamide 

339 



Serious infection 

47 

13 1 

23 7 

Trivial infection 

38 

10 6 

No general sulfonamide 

112 



Serious infection 

8 

7 1 

IS 1 

Trivial infection 

9 

8 0 

General without local sulfonamide 

38 

15 8 


Serious infection 

6 

21 I 

Trivial infection 

2 

5 3 


The combined local and general, or the general, use of sulfonamides 
alone have not lowered the incidence of local infection Although there 
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ToUl 471 


Bones 

Operation 

Pnmnrj drug 

Dai of death 
Principle organisms 


T\ble XII 

COMPOUND rRVCTLRES 
Deaths from Infection 2 
Case I 

Tibia fibula ilium 

Partial closure without tension 

Plaster 

Local sulfanilamide 
General sulfadiazine 
9th 

Coag -pos staph green strept 
Cl htfermetUans 


Cases requiring because of infection 

(a) Excision of dead tissue 

(b) Wound to be opened for drainage 

(c) Incision for drainage 
(df \mputation 


Case II 

Femur, tibia and fibula 

Partial closure with tension Plate 

Local sulfanilamide 
General sulfadiazine 

noth 

Coag -pos staph E colt B Pro- 
teus, B pyocyaneus Cl sporo- 

l.i’lK’S 


S 

11 

15 

16 


are only two cases which died as a lesult of infection, and these yielded no 
positive blood cultures, a fair numbei of cases needed secondaiy suigical 
procedures because of wound infection — 5 lequiied excision of dead tissue, 
II had to have wounds opened up, 15 requiied a new incision for diainage of 
abscesses, and 16 needed secondary amputation The two fatal cases both 
had local as veil as geneial pi ophylactic sulfonamide therapy 


Ti.BLE XllI 

SHOWING THE NUMBER OF CASES MELDING HEMOLiTIC STREPTOCOCCUS IN THE d£brIDED TISSUE THE NUMBER 
IN WHICH THIS ORGANISM PERSISTED AND THE NUMBER OF CASES IN WHICH THIS ORGANISM APPEARED AS A NEW' 
CULTURE, W ITH AND WITHOUT SULFONAMIDE TREATMENT 
Compound Fractures — 471 

Debnded Tissue Persisting New 



Total 

% Infected 

Total 

% Infected 

Total 

% Infected 



Ser 

Trt\ 


Ser 

Tri\ 


Ser 

Trn 

Hemolytic Strep 

34 

20 6 

17 6 

8 

37 5 

25 0 

17 

35 3 

21 5 

Gen 1 sulf 

24 

29 1 

20 8 

7 

52 9 

28 6 

14 

28 6 

21 4 

No gen 1 sulf 

in 

0 

10 0 

1 

0 

0 

3 

66 7 

31 3 

Local sulf 

18 

22 2 

27 8 

4 

0 

50 0 

n 

23 1 

23 1 

No local sulf 

16 

18 8 

6 2 

4 

75 0 

0 

4 

75 0 

25 0 


Table XIV 


SHOWTNG THE NUMBER OF CASES MELDING COAGULASE-POSITIVE Slaph\l0C0CCUS aurCUS INTIIE DLBRIDFD TISSUE, 
THE NUMBER IN WTIICH THIS ORGANISM PERSISTED AND THE NUMBER OF CASES IN WHICH THIS ORCiNISM AP- 
PEARED AS ANEW CULTURE W ITH AND WITHOUT SULFONAMIDE TRE ATMENT 
Compound Fractures — 471 


Debnded Tissue 



Total 

% Infected 



Ser 

Tm 

Coag -pos Staph iurrus 

41 

12 2 

19 5 

Gen 1 sulf 

12 

12 5 

25 0 

No gen 1 sulf 

9 

11 1 

0 

Local sulf 

10 

10 0 

26 6 

No local sulf 

11 

18 2 

0 



Persisting 



New 


Total 

% Infected 

Total 

% Infected 


Ser 

Tru 


Ser 

TriA 

12 

31 3 

SO 0 

16-*- 

44 5 

21 8 

11 

27 3 

54 6 

31 

42 4 

10 3 

1 

100 0 

0 

1 

66 7 

0 

10 

20 0 

60 0 

11 

42 4 

10 1 

2 

100 0 

0 

3 

66 7 

0 
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T\BLr XV 

SHOWING THE NUMBER OF C\SrS MFLDING PATHOGFNIC GRAM-NEGATIVE AEROBIC BACILLI IN THE dEbrIDED 
TISSUE Tlir NUMBER IN WHICH TIIFSE ORGVNISMS PERSISTED AND THE NUVIBER OF CASES IN WHICH THESE 
ORG VNISMS VPPF ARFD VS NEW CULTURES WITH AND WITHOUT SULFONAMIDE TREATVIENT 

Compound Fractures — 471 

DCbnded Tissue Persisting New 


Total % Infected Total % Infected Total % Infected 




Ser 

Triv 


Ser 

Triv 


Ser 

Triv 

Pathogenic Gran -neg 










Aerobic Bacilli 

78 

23 1 

11 S 

12 

50 0 

25 0 

28 

28 6 

25 0 

Gen 1 sulf 

S8 

27 6 

10 3 

7 

85 7 

0 

19 

31 6 

26 3 

No gen 1 sulf 

20 

10 0 

IS 0 

5 

0 

SO 0 

9 

22 2 

22 2 

Local sulf 

54 

26 0 

9 3 

6 

83 3 

0 

18 

33 3 

22 2 

No local sulf 

24 

16 7 

16 7 

6 

16 7 

SO 0 

10 

20 0 

30 0 


Table XVI 

SHOWING THE NUVIBER OF CVSES VIELDING CloSlrtdtUnt Mlchtt IN THE dUbRIDED TISSUE THE NUVIBER IN WHICH 
THIS ORGAMSVI PERSISTED AND THE NUVIBER OF CASES IN WHICH THIS ORGANISVI APPEARED AS A NEW CULTURE 

WITH AND WITHOUT SULFONAMIDE TREATMENT 

Compound Fractures — 471 

Dtbrided Tissue Persisting New 



Total 

% Infected 

Total 

% Infected 

Total 

% Infected 



Ser 

Triv 


Ser 

Triv 


Ser 

Tnv 

Clostridium Welchii 

90 

21 1 

11 1 

11 

45 5 

0 

6 

33 3 

16 7 

Gen I sulf 

68 

22 1 

13 2 

11 

45 5 

0 

4 

25 0 

25 0 

No gen 1 sulf 

22 

18 2 

4 3 

0 

0 

0 

2 

SO 0 

0 

Local sulf 

61 

19 7 

13 1 

9 

33 3 

0 

3 

33 3 

33 3 

No local sulf 

29 

24 1 

6 9 

2 

100 0 

0 

3 

33 3 

0 


Table XVII 

SHOWING THE NUMBER OF CASES VIELDING ANAEROBIC COCCI IN THE dEbrIDFD TISSUE THE NUVIBER IN WHICH 
THESE ORGANISVIS PERSISTED AND THE NUMBER OF CASES IN WHICH THESE ORGVNISMS APPEARED AS A NEW 
CULTURE WITH AND WITHOUT SULFONAMIDE TREATMENT 

Compound Fractures — 471 

D5bnded Tissue Persisting New 



Total 

% Infected 

Ser Tnv 

Total 

% 

Ser 

Infected 

Tnv 

Total 

% Infected 
Ser Tnv 

Anaerobic Cocci 

55 

3 6 

14 5 

3 

0 

33 3 

6 

33 3 

16 7 

Gen 1 sulf 

41 

4 9 

17 1 

3 

0 

33 3 

4 

25 0 

0 

No gen 1 sulf 

14 

0 

7 1 

0 

0 

0 

2 

50 0 

50 0 

Local sulf 

32 

6 2 

21 9 

3 

0 

33 3 

4 

25 0 

0 

No local sulf 

23 

0 

4 3 

0 

0 

0 

2 

SO 0 

SO 0 


With regard to the bacteriology it is seen that there is a higher propor- 
tion of cases yielding hemolytic streptococci, coagulase-positive Staphy- 
lococcus aiiieiis and Cl wchlm than in the soft-part wounds and, further- 
more, that they more often persisted and more often appeared as new cultures 
The pathogenic gram-negative aerobes did not appear as often initially but 
appeared anew in a much highei percentage in compound fractures than in 
soft-part wounds The sulfonamides did not particularly favor their elimina- 
tion or prevent their secondary development in the wounds 


BURNS 

The infection late in burns is very disturbing, particularly in deep 
second and third degree cases 
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Table XVIII 

PERCENTAGE OF INFECTION IN COMPARABLE GROUPING IN 347 BURNS 



Totals 

% 

Infected 



Serious 

Trivial 

Second degree 

192 

10 4^^ 

14 1* 

2nd and 3rd degree 

ISS 

30 3=*= 

34 2* 

Area< ten per cent 

180# 

10 0* 

23 2 

Area > ten per cent 

166# 

28 9* 

22 9 

Shock 

45# 

40 0^ 

13 3 

No shock 

292# 

15 8f 

23 3 

Maximum contamination 

154 

27 31= 

27 3 

Minimum contamination 

193 

12 4* 

19 7 

Maximum tissue damage 

213# 

23 01- 

27 7 

Minimum tissue damage 

131# 

12 2=^ 

16 0 

Minimum washing 

156 

11 51- 

22 4 

Maximum washing 

191 

25 1* 

22 6 

^ Data incomplete 




=*■ Statistically significant 




As wuth the other gioups of cases, the extent 

of the involved 

aiea, the 

depth of the injury, the intensity of gioss contamination and tissue damage 

uin parallel with the percentage of infections 




Table XlX 




PERCENTAGE OF INFECTIOn'oCCURRING WITH VARIOUS FORMS OF TREATMENT IN 347 BURNS 


Totals 

% Infected 



Serious 

Trivial 

Tanmc acid without sulfonamide 

20# 

30 0 

35 0 

Quebracho-tannin 

11# 

54 5 

18 2 

Tanmc acid with sulfonamide 

23# 

21 7 

26 1 

Compression dressings 

81# 

13 6 

21 0 

Zinc peroxide w'lth pressure 

15# 

0 

20 0 

Saline compresses with pressure 

34# 

14 7 

20 6 

Total sulfadiazine ointment 

65# 

15 4 

29 3 

Total sulfadiazine spray 

37# 

S 4 

2Q 7 

Total sulfonamide film 

16# 

31 3 

25 0 

Total sulfonamide powders 

31# 

45 2 

3 2 

Total local sulfonamides 

172# 

20 9 

23 8 

General sulfadiazine 

141# 

31 2 

19 9 

No general sulfadiazine 

201# 

10 4 

24 9 


i Data incomplete 
=*■ Statistically significant 


The methods of treatment have varied considerably and great latitude 
has been granted the different units to explore new fields of burn therapy 
The compression dressing method has stood out as representing the greatest 
proportion of light pnnciples and the lowest incidence of infection The 
initial diessmg containing a bacteriostatic agent has a slight but not clear-cut 
superionty over the simple nonadherent ointments 

In burns w^e have a tissue extensively damaged which may contain sulfona- 
mide inhibitors There is evidence that thei e may be greater or less absorption 
of the drugs from burned surfaces according to the vehicle in which the sulfona- 
mide drugs are contained The ideal vehicle has not yet been found Many 
are being tried The local drug action may be inhibited ivhile the general 
effect may be obtained from local applications 

There w^ere only tw'o bum deaths m which infection placed an important 
role and these were so extensue that they might have died without infection 
Both had local and generaf stilfonamide treatment 
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burns 


Total 317 

Deaths from InfeUioii 2 



Case I 

Case II 

Degree 

2nd and 3rd 

2nd and 3rd 

Region 

Pace trunk, both arms and hands. 

Pace trunk and all limbs 


right leg 


Per cent of body 

60-70 

60 70 

Local 

Equal parts poetder sulfanilamide 

Pibnnogcn thrombin sulfadia 


and sulfadiazine 

zine 

General 

Sulfadiazine 

Sulfadiazine 

D i> of death 

Sth 

28th 

Principle org inisms 

Coag pos staph , nonhemob tic 

Coag -pos staph hemolytic strept 


St rent , B pyoesaneus B proleus 

(Group D) B pyocyancus E colt 


Tabi c XXI 


SUO\MNG Till, NUMBTR OT C\Sns MI LDISG IICMOLATIC STREPTOCOCCI IN THE d£bR1DED TISSUE THE NUMBER 
IN nincil THIS organism i i rsisti d and the number oi cases in miiici this org anisai appeared as a new 
CULTURE, AAITII AND AAITHOUT SULTON AMIDE TREATMENT 
Burns — 347 


Dubndcd Tissue 



Total 

% Infected 



Scr 

TriA 

Hemolytic Strep 

18 

25 0 

22 9 

Gen I sulf 

28 

32 1 

21 4 

No gen 1 sulf 

20 

IS 0 

25 0 

Local sulf 

29 

31 0 

20 7 

No local sulf. 

19 

IS 8 

26 3 



Persisting 



New 


Total 

% Infected 

Total 

% Infected 


Scr 

TriA 


Ser 

Tnv 

12 

SO 0 

25^0 

34 

47 1 

47 1 

6 

66 7 

33 3 

13 

76 9 

23 1 

6 

33 3 

16 7 

21 

28 6 

61 9 

S 

60 0 

10 0 

12 

33 3 

66 7 

7 

42 9 

14 3 

22 

S4 S 

36 4 


Tabu \\II 

SIIOAAING Tin NUiMBLK OI CASI S All LDING COAGULASL-I OSITIA E Sla philoCOCCUS aUreUS IN THE dCBRIDED TISSUE 
THE NUMBER IN WHICH THIS ORGANISM PERSISTED AND THE NUMBER OI CEASES IN AAHICH THIS ORGANISM AP- 
I 1 AKI D AS A NEW CUETURI AAITII AND AAITHOUT SULEONAAIIDE TREATAIENT 


Burns — 347 


Coag -pos Staph Xuicus 
Gen 1 sulf 
No gen I sulf 
Local sulf 
No local sulf 


Dcbndcd Tissue 


Total 

% Infected 


Ser 

TriA 

51 

21 6 

31 4 

18 

38 9 

16 7 

33 

12 1 

39 4 

28 

21 1 

32 1 

23 

21 7 

30 1 


Persisting 


Total 

% Infected 


Ser 

Tnv 

25 

32 0 

44 0 

11 

54 5 

18 2 

14 

11 3 

64 3 

13 

30 8 

16 1 

12 

33 3 

11 7 


New 

Total 

% Infected 


Scr 

Tri' 

52+ 

38 5 

38 5 

29 

S5 2 

24 1 

23 

17 4 

36 5 

31 

38 7 

38 7 

21 

38 1 

38 1 


Table XXIII 

SHOWING THE NUAIBLR OI CASES MELDING PATHOGENIC CRAAI-NEGATIVE AEROBIC BACILLI IN THE d6bRIDED 
TISSUE THE NUAIBER IN AVHICIt THESE ORGANISMS PERSISTED AND THE NUMBER OE CASES IN AVHICH THESE 
ORGANISAIS APPEARED AS A NEW CULTURE, AAITH AND AAITHOUT SULEONAMIDE TREATAIENT 

Burns — 347 


Debnded Tissue 


Pathogenic Gram-neg 

Total 

% Infected 
Ser Tnv 

Aerobic Bacilli 

82 

24 4 

23 3 

Gen 1 sulf 

43 

37 2 

18 6 

No gen 1 sulf 

39 

lO 2 

28 2 

Loca' sulf 

44 

29 S 

25 0 

No local sulf 

38 

18 4 

21 1 



Persisting 



Ncav 


Total 

% Infected 

Ser Tnv 

Total 

% Infected 
Ser Tnv 

24 

50 0 

33 3 

51 

45 1 

27 5 

16 

56 2 

25 0 

28 

S3 6 

28 6 

8 

37 5 

50 0 

23 

34 8 

26 1 

12 

58 3 

33 3 

21 

52 4 

19 0 

12 

41 7 

33 3 

30 

40 0 

33 3 
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The bactenologic studies reveal that many of the hemolytic streptococci 
persist m the burned area oi come m as new contaminants in the face of local 
as well as general sulfonamide therapy The staphylococci are the most 
numeious of the pathogens m the persistent and new cultures, but the gram- 
negative aerobic bacilli, particularly the £ coh, B pyocyaneus snd B ptoteus 
groups, run the staphylococci a close race If the problem of infection m 
burns is to be solved it must be concerned with all of these groups of 
organisms Something must be sought for which will be effective in halting 
the growth of these organisms in the presence of the dead and damaged 
tissue of burns 


CONCLUSIONS 

(1) Our studies have indicated the important factors concerned in the 
development of infection m accidental contaminated wounds and burns 

(2) We have found that the sulfonamides minimize the general spread 
of infections and cut down the incidence of septicemia and death 

(3) We have no evidence that tliey lessen the incidence of local infection 
when used as we have employed them 

(4) If we are going to lessen the incidence of local infection m war 
wounds and burns, some othei forms of the sulfonamides or some other 
bacteriostatic agents must be found which will be effective against the 
contaminating organisms in the piesence of damaged tissue 

Discussion —Dr Evarts Graiivm (St Louis, Mo) When the Committee on 
Surgery of the National Research Council was organized, in the spring of 1940, one of the 
questions which was put to it by the Surgeon-Generals of the Army and Navy was “What 
about the use of sulfonamides m battle casualties, in wounds’” 

Shortly before this, the report of Jensen had come out about the beneficial 
cftect, as he thought, on compound fractures of the use of sulfanilamide applied 
localh In older to answer this v^ery important question, and 111 order to remove 
impressions and emotions and other nonscientific factors as much as possible from 
the study, the subcommittee of which Dr Fiank Meleney has been chairman, was 
formed with the idea of making as satisfactory and as closely observant a study of 
the effect of sulfonamides on wounds which simulated battle casualties, as possible 

Now the lesult of this studj, which was somewhat later in getting started than 
we had hoped that it would be because of various reasons, has, nevertheless, I think 
betii brought to rather satisfactory conclusions which you have heard today I sav 
sdtisfactorv, only from the standpoint of the fact that the studv has been made most 
carefully bv a consideiable number of very competent observers, whose names have 
been mentioned to vou 

It is unsatisfactorv , in the sense that it was disappointing especially after the 
enthusiastic reports of the success of sulfonamides applied locally, particularh sulfa- 
nilamide, in the wounds at Pearl Harbor I think almost everyone was led to believe 
that, after all now we have a panacea which might even perhaps minimize the nccessitv 
of surgical asepsis That is certamlv not the case The day of listerism is not vet 
Gfone The sulfonamides will not replace surgical asepsis 

I feel that vou who have not been closelv associated with this work nerhaps can 
hardlv appreciate the enotmous amount of labor which has gone into it There is no 
other comnarablc studv of the effect of sulfonamides on wounds anv where m the 
world There is nothing that begins to compare with the carefulness with which this 
‘Jtudv has been made I feel that evervone not onlv the American Surgical \ssociation 
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and the Surgeon-Generals, but ever3'one, should be greatly indebted to this committee 
who have worked so hard for so long a period in arriving at these results which seem 
to be ^ery dependable Emotions and impicssions have been eliminated, and only 
hards facts have been retained 

Dr John S Lockwood (Philadelphia) I am sure that all of the collaborators would 
join with me in expressing here our great appreciation for the enormous amount of labor 
which Dr Melcnev, in particular, has expended on this study In his responslblht3^ 
he has not only had supennsion of one of the major units in the project, but he also has 
carried the mam buiden for collecting and tabulating all of these statistics The con- 
clusions which he has presented here todav are, I belie\e, joined in unanimously by the 
Subcommittee on Surgical Infections and bj"^ the other investigators 

It might be said that Dr Mclency has set an exceedingly high standard From 
the ^ery beginning he has expressed unwillingness to be satisfied with anything other 
than complete prevention of infection in traumatic wounds I think all of us have hoped 
that that ideal might be closelj approximated, but as time has gone on, we base become 
increasinglj’’ aware of the fact that no measure designed simply to deal with bacteria in 
^\ounds is likely completel3 to achic\e this high ideal, unless, of course, an agent could 
be found which would destroy all of the contaminating bacteria 

In accounting for the failures of sulfonamide, several observations might be ap- 
propriate First, as Dr klelenej pointed out, these infections were not for the most 
part, systemic, imasnc infections They were local, and the area involved in the infec- 
tion m the majority of cases was closelv delimited to the area of the w'ound Further- 
more, most of the infections — at least those that occurred in the project under my super- 
vision — w'eie delaj'ed They did not show' up as acute fulminating infections, but ap- 
peared fi\e, seven, or eight da3's after wound closure The infections were most common 
in those w'ounds m w'hich delayed healing might have been expected bv reason of poor 
adjustment of physiologic factois I am reminded of Arev’s important monograph on 
w'ound healing, in w'liich, after pointing out the three mam phases of w’ound healing 
namely, the refractory stage, the destructive stage, and the reparatne stage, he states 
that the critical stage of w'ound repair from the standpoint of infection is the dcstuichve 
stage , and the infections that occurred in spite of sulfonamides w’ere those that developed 
during the destructive phase The factors w'hich encouraged bacterial activity were 
retention of products of tissue injury, tension, and incomplete obliteration of dead space 

Furthermore, the very same factors w'hich will tend to delav healing and complicate 
the w'Ound repair, are also factors w'hich tend to inhibit sulfonamide action Perhaps 
we cannot find an ideal sulfonamide If w'e find a drug w'hich on the one hand, w'lll 
not produce local foreign body reaction but W'lll disappear from the w'ound, that 
particular drug W'lll not be active after five six, or seven davs — the time at w'hich mani 
of these infections develop In all piobabihtv we w’lll not be able w'lth sulfonamides 
to eliminate the infections which develop because of poor physiologic adjustments in 
the wound We cannot expect any more of the sulfonamides than that thej w'lll 
delay bacterial giow'th under conditions w'here their action is not inhibited Therefore, 
the outcome of this study certainly justifies a continuing recognition of the predominant 
importance of surgical management and of physiologic factors in relation to w'Ound 
healing and wound infection At the same time, it points out the fact that the problem 
of deaths from infection in traumatic w'ounds should be \ery significantly minimized 
with sulfonamides 

Nothing that has been said about the lack of effectiveness of sulfonamides under the 
conditions used in this clinical experiment, should contradict the wisdom of the practice 
of employing sulfonamides routinely in battle casualties, during the period betw'een 
injury and the time the casualty reaches the hospital for definitive treatment The 
problem there is diffeient from the problem w'hich w'e studied in these wound study 
pi ejects, and if the multiplication of bacteria m the wound fluids can be delayed for 
even a few hours during the transport of the w'ounded subject from the field of injury 
to the hospital that should significantly reduce the likelihood of postoperative infection 
This IS entirely beside the point of w'hether or not sulfonamides should be used m the 
wound if, and when, the wound is closed 

We have plenty of evidence to support the w'lsdom of the directive, both in the 
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Army and m the Navy, against routine closure of traumatic wounds If any of us needed 
to learn the wisdom of that decision, I think we have the evidence 

Finally, theie remains every reason to believe that sulfonamide therapy properly 
used in cases with established infections will be definitely of value, and we now have in 
penicillin what appears to be an even more powerful weapon m dealing with staphylo- 
coccic and ClosUidmm xvelchn infections 

Dr Martin B Tinker (Ithaca, NY) Wound excision m contraindication to 
debridement m connection with the treatment of infected wounds has not been given the 
attention it seems to deserve today On January 27, 1909, the Medical Society of the 
State of New York had a symposium on fractures, participated in by Drs Harvey Cush- 
ing, Lewis Stimson, and Charles Scudder, in which I, as a voung surgeon, at that time, 
presented a paper on contaminated compound fractures At that session I proposed the 
excision of wounds, for removal of contaminated areas, without insuring important 
structures Damaged areas were outlined by packing the wound first with gentian violet 
and pure carbolic acid , the wound was then excised, avoiding great vessels, nerves, and 
other important structures 

The case of a brakeman on the New York Central Railroad, w'ho stepped in front of 
a slowly moving freight car loaded with brick to set the brakes, was reported This man 
slipped, fell with his arm across the rail, and the loaded car passed over his arm, crush- 
ing the humerus and seriously contaminating the wound He has a useful arm, and, 
although he has a flail joint, he is working for the Eastman Kodak Companj’-, in Roches- 
ter, N Y , at the present time This man rvas demonstrated in Brooklyn, at the 
Academy of Medicine 

Another instance A farmer was brought to me, whose patella was fractured by 
the kick of a horse The knee joint was opened, and was contaminated with horse 
manure The wound was disinfected and stained, and the wound excised and closed 
The man recovered perfect use of his knee 

For experiments, the Department of Physiology, at Cornell University, gave me ani- 
mals which they had chloroformed and sacrificed Various wounds, which were definitely 
contaminated by resistant bacterial cultures The wounds w'ere excised aftei packing with 
staining and disinfecting gauze Sections taken, and bactenologic cultures, w'ere nroved 
free of contamination These cases, with others, were also lepoited after World War I, 
at the meeting of the Military Surgeons at New Oilcans, April 22-24, 1920 

The more thorough method of w'ound excision antidates debridement, as used by La 
Maitre, several years No other method has excelled the results of wmund excision for 
serious injuries 

Dr J Albert Key (St Louis, Mo) I do not know where it is — it may be the un- 
wdeldiness of the series, or it maj’- be in the punch-card system — ^but there is something 
wrong somew'here I am perfectly convinced, and this is not emotion, that any report of 
a series of cases w'hich concludes that the rational implantation of sulfonamides in con- 
taminated wounds after they have been properly debnded does not lower the incidence of 
infection in these wounds, is wwong, provided the debridements and the after treatment 
are equivalent 

This IS a monumental piece of work, backed by a lot of able observers, but I think 
that a few years from now' they wull be ashamed of their conclusions 

Dr Frank L Meleney (New' York Citj', closing) I am glad to have Doctor 
Lockwood’s assurance that the other members of the Committee and the other re- 
sponsible investigators approve the presentation of the results and the conclusions 
W'hich we have draw'ii I might also say that I think we would all approve of 
his additional remarks 

With regard to Doctor Tinker’s obsen ations, I w'ould say that the basic surgical 
piocedurc which we determined upon m the beginning, w’as that the w'ounds should be 
as far as possible excised, and that is the meaning of the word “debridement” as we 
haic used it in this paper Of course in mam cases this had to be compromised for 
one reason or another, to preserve important structures, such as blood -vessels’ and 
nenes, or when, for one reason or another, an unsatisfactors or incomplete excision 
had to be resorted to 
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\Vitli regard to Doctor Kcj, I can only say that m our group, at the beginning of the 
study, uc had those who sincerely believed (and I might say that we all hoped), that 
these drugs would materiallj cut down the incidence of infection There was no one 
in the group who was prejudiced against tliem We were simply seeking to find 
out the facts, and we w'cre not trying to prove anything 

I believe tliat our whole group has come to this consensus of opinion We all 
believe that these figures do represent facts and tell the truth 

I greatly appreciate Doctor Graham’s favorable comments I would like to 
state that without the hearty support of his Committee on Surgery, this project 
would never have been initiated or carried forward I believe that it is only fair 
to report at this time that we all feel that the most efficient unit in this study has 
been the one carried on here m Cincinnati bj our good friends Mont Reid and 
William Altcmeier 
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BASIC PRINCIP1.es IN THE TREATMENT OF THERMAL BURNS^ 

Allen 0 Whipple, M D 

New York, N Y 

TROM TUC DEPARTMENT OF SURGERT, COLUMBIA-PRESET TtRIAN MEDICAL CENTER, NEW! TORK, N \ 

Global mechanized warfare on land, sea, and in the an has lesulted 
111 an unprecedented niimbei of thermal burns, with a demand for an 
immediate ansuei to the confused and very debatable question of lio»v 
best to treat them This general disagreement m all the combatant 
countries regarding the best therapy, both as first aid and defimtiie, is 
the result of a number of factois 

I The tailure, on the part of ph)sicians and suigeons, to understand 
the underlying patholog\ and disturbed physiology of the burned individual, 
and the difterences in the uound caused by a burn and soft-pait wounds 
II The failure of those reporting the results of various t)pes of local 
tieatment to differentiate between the burns with superficial skin damage, 
so-called second degree burns, and bums resulting in areas uitli total skin 
destruction, or third degree burns The second degree bum mil heal mth 
ail} form of local treatment provided the burned aiea is piotected fiom 
contamination and the local application does not destroy the lemammg 
epithelial covemig The latter, oi third degree bum, will not heal without 
a piolonged period of gianulation after separation of slough, and slow 
epithelial spread resulting m contracting scats — unless this period is shoitened 
by skin grafting at the earliest favorable time Infection, sepsis, hypoprotein- 
emia and anemia are common to all untieated, or impioperly treated, ex- 
tensne third degree bums Third degree and mixed second and thud 
degree buriiN aie the real therapeutic pioblems and aie the ciitena by which 
ever} theiapi should be judged III Failure to appreciate the importance 
of trained and expeiienced gioups of individuals interested in the care of 
burned patients Special expeneiice is expected of suigeons dealing with 
lesions of the vaiious systems but the tieatment of bums in the majoriti 
of hospitals IS left to inexpeiienced interns or lesidents. or to the least 
expeiienced of the Junioi Attendings The Bum Committees in England. 
Canada and the United States aie unanimous m emphasizing the impoitancc 
of w ell -01 ganired “bum teams*’ in the caie of burn casualties, especially if 
mam such cases aie to be caied for in mihtarv or civilian hospitals Be 
bum team ve mean a gioup made up of a general suigeon, inteiested in 
pioblems of infection and uound healing, a ph}sician or technician, thoi- 
oughly trained in problems of fluid protein and electrolyte imbalance, a 
general plastic surgeon— not an oral or faciomaxillar} specialist— with 
experience in skin grafting large granulating areas, a group of trained 
nurses and orderlies, able and willing to stand the stiess and strain of 
caiing for seieieh burned patients 


=*■ Read before the American Surirical \s‘:oriatJon, Mai 14 194 Cincinnati Ohio 
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IV The failure to appreciate the importance of “timing” m the sequence 
of events m the pathogenesis, symptomatology and treatment of severely 
burned patients Di Fraser Gurd has so properly and repeatedly emphasized 
this most important factor in the study and treatment of burns V The 
one outstanding contiibution to burn therapy in preventing and combatting 
shock IS the accepted use of plasma instead of salt solution and whole blood 
This has reduced the moilahty of bum casualties, but has saved many 
severely burned cases, with then late and difficult problems of treatment, 
which formerly died in the hist day or two after the injury Late morbidity 
associated with anemia, hypopi otememia, nitrogen loss with emaciation are 
some of the newer aspects of late survnals and will be discussed by Doctor 
Lund and Doctor Allen 

VI The intioduction of sulfonamide theiapy in the treatment of burns 
has caused more confusion than benefit, because by so many it was looked 
upon, hopefully but unintelhgently, as a panacea These diugs, given 
systemically, have undoubtedly controlled, if not eliminated septicemia and 
bacteriemia m seveie bums But the local use of the sulfonamides has not 
fulfilled the eaily piomise, and the benefits of these amazing diugs will 
depend upon finding their optimum ionization and pn m pi oper media when 
used with sound surgical pimciples and Avilh due consideiation of the under- 
lying pathology of the burned areas 

Wounds lesulting fiom bums differ fioin soft-part wounds in many 
respects As a lule they aie moie extensive, cause moie damage to the 
important protecting tissue, the skin, expose a gieatei surface area to 
contamination But this injuied suiface is at first sterilized by the heat 
producing the bum and offers a better opportunity for protection from 
contamination if pioinpt and intelligent means are used to provide a 
protective coveiing over the burned surface in the initial treatment In 
the severe burns, with areas of total destruction of the skin, gangrene of 
tissue takes place which has to be sloughed off before lepair by granulation 
and epithehzation can occui If these aieas are extensive, the patient 
develops infection, anemia, hypopi otememia and nitrogen imbalance that is 
seen in any extensive piocess of repan following extensive gangrene of tissue 
The edema of, and absoiption fiom, a burned area differs from a soft- 
pait wound oi injury in a very interesting manner The studies of 
Drinker,^’ ^ and his associates, and of McMaster,®> ^ have recently established 
experimental evidence of great importance both from the standpoint of patho- 
genesis and therapy In experimentally produced burns it has been shoi\n 
that there is a very marked increase in the capillary peimeabihty in the 
peiiphery of the burned area as well as in the rate of lymph flow away 
from this zone But of gi eater importance. Drinker has shown that there 
is a marked delay in the production or liberation of throinboplastic sub- 
stance in the burned aiea as compaied with that found in ciushed tissue 
or soft-part wounds What the cause of this delay is, is only conjectural 
Does the heat of the burn affect the thermolabile throinboplastic substance^ 
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Is It because the normally present preenzyme is destroyed and subsequently 
IS bi ought to the area fiom other parts of the body^ 

It IS only aftei eight to ten hours that the lymph flow from a burned 
area begins to slow down as a result of coagulation of the blood and lymph 
m the injured tissue Were it not for this excessive flow of lymph and 
interstitial fluid ai\ay from the aiea, le, fluid which has left the hyper- 
permeable capillaries to go into the intercellular spaces, a very much more 
marked edema of the burned area would take place Drinker has demon- 
strated this by the immediate blocking of lymph drainage from a dog's paw, 
that has been placed m boiling water for two minutes, by injecting muscle 
extiact into the burned aiea The lymph lecovered from a burned aiea has 
been shown to contain a strong vasoconstrictor substance Studies by 
Drmkei, and his associates, and by Alrich and Lehman, as yet unpublished, 
have demonstrated this vasoconstrictor substance in high dilutions May 
this not be a definite cause of the secondary shock that appears in extensive 
burns ivithin the fiist ten hours after receipt of the burn^ 

This increased lymph flow from the burned area for the first few hours 
after the receipt of the burn is of great significance in the delayed localization 
of infection which follows contamination of a burned surface and emphasizes 
the importance of taking every precaution against eaily contamination, 
especially by the hemolytic streptococcus and staphylococcus usually spread 
fiom the unsteiile hands and unmasked noses and throats of those applying 
the initial protective dressings 

Drinker has also demonstrated that if an animal's paw^ after such 
an exposure to boiling water, is immediately encased in a plaster of 
pans jacket, the edema does not take place and the lymph flow is markedly 
deci eased as the result of this lack of edema This, of course, means a 
gieat reduction in the plasma loss from capillary leakage into interstitial 
tissue spaces, and a corresponding lack of shock due to plasma loss Gan- 
giene of the tissues is far less in the plaster-encased paw than in the 
control with unbandaged paw These studies explain the efficacy of firm 
pressure dressings that has been so ably emphasized by Allen and Koch,'"’ 
Silei,® Ow^eiis,’’ and others, and that, as a basic method of treatment is 
coming to be moie generally accepted 

Considering these essential characteristics of the pathology of burns, 
the basic and simple principles of therapy may be summed up as follow's 
The most important eaily general complication is plasma volume loss as a 
lesult of plasma leakage into the interstitial spaces This can be largely 
pi evented by firm pressure bandaging and controlled by plasma transfusion 
The prevention and treatment of shock in every severe burn, superficial 
or deep, is the first indication and should precede any definitive treatment 
The most important local complication is infection Inasmuch, as the burned 
surface is initially sterile, every precaution should be taken to prevent con- 
tamination This can be accomplished for the most part, by adequate masking 
of nose and mouth and surgical asepsis m applying the initial dressings and by 
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IcdMiig the ^\ound unclistiii bed theieaftei unless infection ib evident This 
initwl dressing should be a fine-meshcd gauze oi tulle gras, impregnated 
witli 01 coveiing a bland simple ointment or solution that will not damage 
the lemainmg epithelium Ihe subsequent dressings, provided tlie above 
precautions have been used, ^\lll depend upon the degree of skin damage 
If total skin destruction has occuired, diessings to favor the lemoval of the 
slough as soon as possible, \\ith skin grafting of the entire denuded granu- 
lating aica at the eailiest faioiable time, are the essential considerations 
\ny foim of tieatment in these total skin bums which tends to seal in 
infection and causes a delay in skin grafting is lo be wdioll} condemned 
Here, moie than in am olhct tvpe of bum pioper timing is the secret 
of success 

In estimating the lelative efficacy of am new' oi old treatment for burns 
It IS not the lesults in supeificial burns but in total skin burns that should 
be the ciiterion To date, some eighty methods of burn theiapj have been 
published Veiy few of the authois lepoitmg then lesults have been intelli- 
gent OI caieful enough to classify their cases accuiately The studies now 
going on in the seveial Bum Pi ejects under the National Reseaich Council 
will, wdien assembled and analyzed, give invaluable pathologic, bactenologic 
and therapeutic data on this ^er}' important but conti oversial subject 

There are a number of new and old methods of local treatment that 
aie being caiefull}' studied in the clinics where these Burn Projects are 
functioning These include the sulfonamide ci earns and ointments, films of 
several kinds wuth and wuthout sulfonamides, the use of the paraffin spray, 
and ultracentrifuged, finely divided particles of clay, known as bentonite 
made into watei -soluble colloidal gels Some of these preparations, when 
used w'lth an undei standing and appreciation of the basic principles of burn 
theiapy. wull undoubtedly piove -valuable 

Of the dozens of piopnetaiy preparations, especiallv those with e-^- 
aggerated and fantastic theiapeutic claims, the less said the bettei The 
free adveitising that some of these have been given in popular magazines 
IS inexcusable and unfoitunate, for, as ahvays, they misinform the ignorant 
but innocent public 

There are a number of new and fundamentally important problems that, 
with further study, wnll undoubtedly modify and improve the treatment of 
the burned patient One of these is the problem of nitiogen imbalance that 
IS being discussed by Doctor Lund Anothei is the discovery of a fluid 
containing protein and electrolyte, of pioper molecular make-up that can be 
used as a substitute foi plasma, with all its advantages Recent experimental 
W'ork in oial sodium therapy by Rosenthal® promises interesting results m 
clinical cases, but theie are many phases of this subject, such as the relation 
of serum protein loss to sodium loss and intake that need much more study 
before the experimental results in animals can be correlated wnth clin- 
ical results 

Ceitainly, the theiapy of burns is only beginning to be understood, and 
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because of the gieat and uigent inteiest in the subject, much piogiess will 
he made before the cvar is over 
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Discussion — Dr Sumner L Koch (Chicago, III) Some years ago Evarts 
Graham wrote an admirable paper entitled “Principles vcisus Details in the Treatment 
of Empyema” One could well apply his identical words to this discussion of burns, 
for in no field of surgery is the emphasis on principles rather than details more important 
The persistent search for some magic substance to apply to the burned area has served 
chiefly to befog our outlook in the problem of burn treatment and to divert our attention 
from the principles that Dr Whipple has stressed so clearly and emphatically I can 
only attempt to second his emphasis and repeat, in a little different way, what he has 
expressed so well 

Three simple principles cannot be overemphasized, they are concerned particulaih 
with pfevciitwn of complications The first principle — prevent infection, the most im- 
portant local complication of a burn, the second, pi event loss of plasma, the most 
important general complication, the third, prevent contiactures and long delay m 
healing— the important complications in deep burns, by replacing areas of whole-thickness 
loss as early as possible with skin grafts 

In spite of an increasing awareness of the importance of preventing infection of the 
large open wound, there is not }'et widespread and general recognition of the fact that 
the important source of infection is the uncovered mouth and nose of first aid workers, 
nurses and surgeons who are caring for the patient We have long been guilty of gross 
inconsistency m not giving the patient with an extensive open wound the protection that 
is deemed essential for the patient with a small wmund cared for m the operating room 
How can w'e prevent infection’ By covering the burned area immediately wnth 
clean tow'els and not exposing it even momentarily until personnel with masked faces and 
cleansed hands are ready to carry on The practicability and helpful results of such 
protection were demonstrated by Churchill, and his associates at the Massachusetts 
General Hospital after the Cocoanut Grove fire Burned surfaces were covered with 
sterile towels m the emergency room, and kept covered until the patients could be cared 
for by masked, gowned and gloved personnel 

Aldrich’s studies Crmkshank’s, and the observations of many other w'orkers, show 
that infection of the burned surface takes place during the early period of treatment 
It can be prevented m the majority of cases bv recognition of the important potential 

191 



ALLEN O WHIPPLE Annals of surgery 

August, 1913 

sources of infection, and by protecting the open wound from them It may well prote 
that the addition of sulfathiazole in an oily base, as recommended by Dragstedt, and 
his associates, and by Gurd, and his coworkers, at the Montreal General Hospital, or 
of sulfanilamide, as recommended by Evans, can be of real value in preventing develop- 
ment of infection, but elimination of potential sources of infection is imperative 

How can wc prevent fluid loss? By providing an absorbent compression dressing 
over the cleansed burn surface at the earliest possible moment Such a dressing as 
Siler, Reid, and their associates, and, more recently, Neal Owens and Gurd, have 
demonstrated so effectivelj, checks the oozing from the burned surface and checks and 
limits the fluid loss into the subcutaneous tissues Its value is nowhere more quickly 
recognized than in burns of the face and extremities, where the swelling and edema 
that develop so rapidly under a loosely applied or a coagulant dressing can be almost 
completely prevented by the application of a voluminous gauze dressing compressed 
with the aid of an inexpensive resilient material like mechanics waste and with an 
clastic bandage 

If fluid must be replaced, tliere is no argument as to the need and value of plasma, 
but here, just as with infection, there can be no question as to the value of the ounce 
of prevention as compared with the cost, the difficulty, and the time lost in providing 
the pound of cure 

Concerning the third principle — early replacement of areas of whole-thickness 
loss — one can only repeat that no chemicals, no ointments, and no witchcraft, that have 
yet been devised, can produce a covering of epithelium when the whole-thickness has 
been destroyed Such a raw surface, as Blair, Brown and Bjmrs, Padgett, McClure, 
and practically every surgeon who has faced the problem of caring for serious burns, 
have repeatedly emphasized, can be covered only by the slow growth of epithelium from 
the periphery or by transplantation of skin The earlier such transplantation can be 
successfully accomplished the sooner will the patient be well and the less will be the 
scar tissue contracture that invariably results from long delay in healing 

In these three simple principles — prevention of infection, prevention of fluid loss, 
and prevention of long delay in healing bv early grafting — "hang all the law and all 
the prophets ” If we can state them so clearly that the surgical profession will recog- 
nize their force and be guided by them, we can well leave the less important details of 
treatment to the imagination and initiative of the individual surgeon 

Dr Allen O Whipple (New York Citj% closing) I should like to refer to 
one problem which has been touched upon, but just to show that there is a great 
deal of work being done on it That is the problem of handling the third-degree areas after 
slough has been removed There is a good deal of interesting work being done at the 
present time with enzymes that will hasten the removal of slough Some of it appears 
to be promising 

Another factor which undoubtedly will facilitate the early grafting of these granu- 
lating surfaces is the proper concentration of sodium sulfadiazine, which in the 
ultramicroscopic form — that is, the centrifuged form — provides a film I have seen 
some cases recently, in the Harlem Hospital, where the granulating surface has been 
frosted with this sulfadiazine, and grafts put on that area adhere very firmly and 
take amazingly well 

These cases are of particular interest to me because the grafts take apparently more 
easily, and the donor areas treated in the same way are available in an astonishingly 
short time for further skin grafts I never have seen that done before, but I saw some 
areas where skin grafts had been removed ten days previously, that is epithelium from 
those same areas were removed to provide further grafts This is a method which, in 
some of the very extensive burns, is a terrible problem, because you can not get large 
Paget grafts from these patients, and you have to use small areas of skin It is just 
an example of how these patients which survive now, and which always died previously, 
are providing problems that we nevei had before 
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Restoration and mainien\ncc of cii dilating plasma volume aie gen- 
eially recognized as basic essentials m the prevention and tieatment of shock 
The successful use of ci3'stallized human albumin indicates that the colloid 
osmotic piessure of plasma protein maintaining fluid distribution and plasma 
Aolume is a major phjsiologic factor m plasma and whole blood therapy 
In view of the difficulties of obtaining and presenung sufficient quantities 
ot human plasma, it is natuial to hope that the supply of plasma can be 
supplemented bj^ a substitute which will he stable, innocuous, therapeutically 
effective, readily available, and leproducihle with lespect to its physiochemical 
properties Many macromolecular colloids such as gum acacia, hemoglobin, 
bovine albumin, pectin, and a number of special gelatin preparations, including 
isinglass, have been, and are being, investigated Hogan^ leported, in 1915, 
that gelatin-salme infusions administered to patients m shock ivould restoie 
falling blood pressuie Wolfson and Teller- found gelatin effective in 
experimental hemorrhage m the rabbit Bayhss,® m 1917, and Rous and 
Wilson,"* m 1918, strongly advocated the use of gum acacia, m preference 
to gelatin, in treatment of hemorrhage and shock Although gum acacia has 
been used extensively, more recent study of its toxicity, especially wuth 
leference to its antigenicity, and its tendency to produce liver dysfunction 
and hypoproteinenna^’ has placed it in disfavor, except in emergency 
conditions when no other substitute is available 

Renew'ed inteiest in the possibilities of gelatin as a blood substitute 
is evidenced by a number of lecent investigations (Taylor and Wateis,® 
Waters,^ Gordon, Hoge and Law>-son,^® Ivy. Gieengaid, Stem, Giodins and 
Dutton,** Little and Wells,*- El} and Angulo,*'* and Groduis *^ 

The aim of our study has been to determine (i) The 1 espouse of the 

’•"The Chailes B Knox Gelatin Co and Kind and Knox Gelatine Co, Johnstown, 
N Y , and Camden, N J , supplied the material, through the courtesy of Dr D Tout - 
tellotte, and provided the University of Pennsylvania with a grant to defray a part of 
the cost of this study 

These studies %vere initiated by Drs Norman E Freeman and A E Schecter, who 
were forced to discontinue the work because of entering military set vice 

Preliminaiy reports of this work were presented at two conferences on gelatin, 
which were convened by the Subcommittee on Blood Substitutes of the National Re- 
search Council, in Washington, D C , November 10, 1942, and Februarj' 23, 1943 , and 
at the meeting of the Physiological Society of Philadelphia, April 20, 1943’ 

Read before the American Surgical Association, May 13-14, 1943 Cincinnati Ohio 
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noimal dog io inodeiate and massive single and lepeated infusions of bone 
collagen gelatin, Mith loaiticulai lefeience to geneial and specific toxic effects, 
maii)^ of which have been lepoited foi other colloidal substances tested ana 
used as blood substitutes, (2) the disappearance from the blood and excre- 
tion of gelatin, and (3) the efficacy of gelatin as compared with saline 
and jjlasma m the replacement of colloid osmotic piessure and plasma volume 
of dogs subjected to standaidized conditions of hemorrhage or burn of a 
degiee which is fatal to the untreated animal 

ALA-TERLVL AND METHODS 

The gelatin used in these studies was supplied as calcium gelatinate (Lot 
No B78-1) pioduced by hjdrolysis of alkali-treated bovine long-bone collagen, 
under controlled and standaidized conditions Our laboratory preparation 
was a SIX pei cent solution in 0S5 per cent saline, steiihzed by autoclave at 
15 pounds piessuie for 20 minutes Aeiobic and anaerobic sterility tests 
weie uniformly negative Although freshly prepared solutions were used 
routinely in these experiments, the preparation is stable for months when 
stored at 4°C The solution aftei autoclaving has a />n of 6, a specific vis- 
cosity of I 6 at 37°C , specific gravity of i 024, and an osmotic pressure 
of 46 to 48 mm Hg 

An 0S5 per cent saline solution was made fiom Sharp and Dohme 
sodium chloride tablets especially prepared for infusion purposes The 
water was smgle-distilled and was neithei tested nor treated for pyro- 
genicity Fresh solutions were filtered and autoclaved at 15 pounds pressure 
foi 20 minutes Heparinized or citrated, pooled dog plasma was prepared 
fiom blood diaun under aseptic conditions from healthy animals 

All dogs used in these studies were carefully selected with regard to 
uniformity of nutritional state, age, size and general physical condition 
They weie acclimated to the laboiatoiy and maintained under observation 
in individual cages for a period of at least one week prior to their use, 
and were fed a standard did of Purina Checkeis, with an occasional 
supplement of table or meat scraps 

Infusions were made by needle puncture through the jugular vein, and 
the apparatus was chemically clean and sterile The solutions were kept 
at 32° to 37° C , and were administered at a rate of o 5 to i o cc per 
kilogram per minute 

Blood pressure was determined in the femoral artery, by needle punctuie, 
and mercury manometer and blood samples were withdrawn thiough the 
same needle 

Hematocrit determinations were made on heparinized blood in Wintrobe 
tubes, centrifuged at 2500 R P M foi 30 minutes Plasma specific gravity 
determinations were made by the falling-drop method of Barbour and 
Hamilton Bromsulphalein retention was determined by the method of 
Rosenthal and White,^® as modified by Helm and Machella Prothrombin 
time was measured by the procedure of Quick When plasma was analyzed 
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foi plasma pioteins and gelatin piotein concenti ation, the difteiential pie- 
cipitation of gelatin from plasma piotems was earned out with a modification 
of the method desciibed by Wateis^^* The mine gelatin concentrations 
weie detei mined by use of both tungstic and tannic acid piepaiation, and 
all mtiogen analyses weie made with the aid of semimicio Kjeldahl appaiatus 

EXPERIMENTAL STUDIES 
I — INTRAVENOUS GELATIN IN NORMAL DOGS 

1 Geneial Reactions — Following infusion of 30 and 60 cc pei kilogiam 
of body weight (repiesenting a 60 to 120 pei cent increase in plasma 
colloid), all animals showed marked hemodilution, and with the largei doses, 
at least a temporary increase in blood pressuie The pulse and respiratory 
rates weie increased foi several houis aftei infusion Nausea and emesis 
fiequently occurred within two to thiee hours, and defecation occasionally 
follow^ed wnthin the same inteival Similai leactions often followed infusion 
of comparable volumes of saline or plasma The animals usually appealed 
somewdiat depressed and inactive foi fiom thiee to six houis after the 
infusion of gelatin By the following morning they w^eie eager for food 
Animals -which received repeated infusions of gelatin, dm mg a prolonged 
period, gained w^eight and remained xn excellent general physical condition 

2 Toxicify Studies — (a) OhsewaUons on Pyiogematy — In 20 experi- 
ments upon ten normal dogs the temperatures were lecorded at intervals 
of 15 minutes, i, 2, 3, 4, 5, 6, and 24 hours after infusion of 30 cc 
of gelatin per kilogram At 15 minutes after infusion, the temperature was 
normal or somew'hat below, wuth a slight increase by the second hour, reaching 
a peak between two and four hours, showing an average increase of o 7° C 
at three hours The range was from no change to a maximum of l 1° C 
with a return to normal by the sixth hour In fom cases there w^as a slight 
temporary decrease 111 temperatuie In fom dogs infused wnth 10 cc of 
gelatin per kilogiam, no temperatuie use w'as noted 

In four normal dogs subjected to massive hemonhage (about 50 pei cent 
of blood volume) followed by immediate infusion wuth an equal amount of 
gelatin, the temperature of one rose i 0° C in three hours, while that of 
tw^o dogs dropped i 1° C , and that of the fomth lemamed unchanged Five 
dogs, bled m the same way (by needle puncture without anesthesia), and 
infused with sterile isotonic saline solution, show^ed a drop of o 3° C in one 
case, no change in twm, and rise of o 9” C m the remaining tw^o 

In view of the fact that the temperatuie changes with saline w^eie similar 
to those wath gelatin, when comparable volumes weie administered, and con- 
sidering the absence of temperature uses in the dogs receiving 10 cc of 
glatm per kilogram, it appears doubtful that the gelatin pei se is pyrogenic 
in the dog Pyrogen tests m rabbits aie m piogiess 

(b) Ohsei-vations on Antigematy — Purified gelatin is generally con- 
sideied to be nonantigenic Sixteen normal dogs and five subjected 

to hemorrhage, w^ere repeatedly infused with gelatin m amounts of 10 and 
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30 to 60 cc pel kilogiam at inteivals of days, weeks and months, iMthout 
showing any evidence of anaphylaxis 01 sensitization as judged by blood 
piessuie, icspiration and othei general leactions Uiticarial skin reactions 
commonly obseived in dogs infused with dog plasma have m no instance 
been noted following infusion of gelatin Animals have not yet been tested 
specifically for sensiti/ation to othei bovine protein 

(c) Hematologic Observations Clotting Time, Pseudo-agglutination and 
Sedimentation Rate — The clotting time of blood from dogs at various inteivals 
after gelatin infusion (30 cc per kilogiam) was moderately increased The 
aveiage mciease wnthin 15 minutes was 16 per cent, and after three houis 
30 pel cent, wuth a letuin to noimal wuthm 24 hours In tw-o dogs subjected 
to tuple hemoirhage and gelatin leplacement, wdien a total of 90 cc pei 
kilogiam w'as infused, the clotting time was about twice normal, and a 
1 etui 11 to normal occuired w'lthm 48 to 72 hours Changes of the same 
ordei would be expected following infusion of similar volumes of citrated 
or heparinized plasma 

Pseudo-agglutination of eiythiocytes has been reported to follow^ infusions 
of gelatin as well as other colloidal solutions used as blood substitutes 
A pronounced increase m sedimentation rate after gelatin infusion was 
obvious to all who worked w'lth the blood samples Pseudo-agglutination 
and often massive clumping of erythiocytes w'ere also apparent m the 
hematociit blood samples, 01 wdien gelatin w’as mixed wuth led cells m vitio 
I-Iowevei, the clumps wdiich formed on standing weie readily broken up 
W'lth agitation 

Sedimentation rate determinations 111 gelatm-mfused dogs, corrected 
for hematocrit changes, showed m most cases a tw'o- to four-fold inciease, 
with a return to normal as the gelatin disappeared from the blood stream 
The increase m sedimentation rate Avas associated w'lth, and apparently 
largely due to, the pseudo-agglutination of erythrocytes Avhich occurred 
in VIVO as well as in vitio Direct observations and photomici ographs of 
this phenomenon in vivo were made by Dr R G Abell, of the Department 
of Anatomy, using the ear-Avmdow' technic m the normal unanesthetized 
labbit While the pseudo-agglutination of the led cells Avas present it did 
not appeal to retaid the ciiculation through the capillaries of the ear of 
noimal rabbits infused Avith 15 cc of gelatin per kilogram The influence of 
this effect of gelatin, an effect Avhich foIloAvs the administration of ceitam 
other colloids, upon the oxygenation of the blood and the peiipheral circula- 
tion of animals 111 shock is deserving of furthei study, using special gelatin 
pieparations 

(d) Livet and Kidney Function — ObserA'ations on bromsulphalem le- 
tention, glucose toleiance, and piothiombin time, w'eie undertaken as tests 
of liver function Urea clearance w'as used as an index of kidney function 

Determinations weie made before, and at intervals after, repeated weekly 
infusions of gelatin m 14 dogs Three hours after each infusion of gelatin 
(30 cc per kilogram) a marked retention of bromsulphalem Avas observed, 
which had diminished at 24 hours, and was essentially normal at 48 hours 
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As illustiated m Figuie i, the degiee of retention became inci eased, and 
the return to normal was increasingly delayed \\ith each additional weekly 
infusion The two dogs which sho\\ed the highest letention of broin- 
sulphalein were selected foi the illustration 



Fig I — Bromsulfalein retention after weeklj infusions of gelatin 


In animals in which the weekly infusions weie suspended for a period 
of four or more weeks the retention of bromsulphalem after a subsequent 
infusion of gelatin -was similai both in degree and duration to that following 
the first infusion of the senes Howevei, the cumulative inciease of 
bromsulphalem retention was present upon infusion following a lest of 
three weeks oi less It did not develop in dogs receiving weekly infusions 
of lo cc per kilogiam 

Bromsulphalem retention vas also deteimined aftei infusion of 30 cc 
pel kilogram of pooled heparinized dog plasma Thiee of five dogs sho\\ed 
a bromsulphalem retention of as much as 16 per cent at three hours after 
a single plasma infusion 

The results of determinations of glucose tolerance aftei gelatin were 
variable, but no definitely abnormal curves Avere obtained 

The piothrombin time studies revealed normal values thioughout except 
m one dog, vhich exhibited a piolonged time on two occasions as shown 
m Table I 


Table I 

Prothrombin Time in Seconds 
(Normal — under 21 seconds) 


Weeks 

208 

243 

273 

296 

300 



9 

17 

13 

9 

13 

Before first infusion - 

2 

17 



17 

13 

Between 


14 


13 

14 

14 

3 and 4 

•1 

(58) 


12 

11 

11 

hours 

5 


14 




after 

6 

17 

13 


14 


weekly infusions 

7 

(25) 

14 


16 


of 

8 


13 


16 


gelatin 

9 





14 

3 % of body weight 

10 





16 


11 


16 


197 





PARKINS, KOOP, RIEGEL, VARS, AND LOCKWOOD ^nnais or Surgery 

August 1043 

The explanation of the biomsulphalein retention which follows massive 
gelatin and plasma infusions in normal unanesthetized dogs is not dear 
In view of the transient nature of the retention after gelatin and plasma, it 
seems peimissible to conclude that the liver dysfunction suggested by re- 
tention of bromsulphalem is piobably not specific to gelatin itself and 
piesents no seiious obstacle to fuither clinical investigation of gelatin as 
a plasma substitute It should be lecognized that with an infusion of 30 cc 
of gelatin per kilogiam, the animal’s plasma colloid would rise to about 
160 per cent of normal unless temporal y stoiage of gelatin or plasma protein 
occurred It is during the period when a new colloid equilibrium iS being 
leached that pseudo-agglutination of erythrocytes and retention of broni- 
sulphalein aie found The repeated administration of smaller quantities 
of gelatin did not lead to cumulative letention of tlie dye 

(e) Histologic Ohscivaiwns — With the collaboration of Dr H L 
Ratchfire of the Depaitmcnt of Pathology, theie is in progiess a thorough 
study of tissues from normal dogs and dogs subjected to hemorrhage, and 
from animals which succumbed to burn shock or were sacrificed at various 
intervals after infusions of gelatin, saline or plasma A detailed report will 
be made upon completion of the observations For the present it can 
be stated that no evidence of chronic liver damage vith storage of gelatin 
in the liver or other organs has been noted in normal dogs following single 
and repeated massive doses of gelatin Tissue changes in liver, kidneys, 
and adrenals were only slightl}^ more maiked with gelatin than with plasma, 
and weie definitely reversible 

II — ^DISAPPEAR A.NCE FROM BLOOD, AND EXCRETION OF GELATIN 

In a review of the liteiature on blood substitutes by Amberson,’^ it is 
concluded from publications on the use of gelatin preparations available 
20 to 30 years ago that gelatin is 1 datively valueless because of the rapidit) 
with which It leaves the blood stieam Waters® found calf skin gelatin to 
lemain in the blood of infused animals much longer than does isinglass 
Little and Wells^® have recently shown that bone gelatin escapes through 
injured capillaries of the intestine moie slowly than do the plasma proteins 
The basis of oui interest 111 the rate of disappeai ance and the excretion 
of bone gelatin infused in normal dogs and in icplacement of blood lemoved 
by a lapid massive hemorihage ivas (i) To coiielate blood concentiations 
ivith othei studies of efficacy and leactions to gelatin, (2) to deteimine 
ivhethei the plasma pioteins depleted by heinoiihage ivould be leplaced m 
gelatin-infused animals at a late sufficient to maintain total protein concen- 
tration, colloid osmotic piessure, plasma volume and blood pressure as the 
gelatin concentration decreased in the blood, and (3) to correlate the dis- 
appearance of gelatin from the blood with gelatin excretion, and wnth plasma 
protein concentrations, in the attempt to obtain infoimation relative to the 
fate of gelatin and the question of its utilization as available protein 

Results Expel iments on five normal dogs infused with 30 cc of gelatin 
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pci Kilogidin and on five unanesthcti/ed dogs subjected to massive hemorrhage 
and infusion nith a volume of gelatin equivalent to the volume of blood 
lemoved, aie illustiated by lepiesentative data in Figuies 2 and 3 It will 
be obsei ved that a diuresis and relatively rapid excretion of gelatin occurred 
which deci eased at six houis foilowung infusion Hemodilution and increased 
plasma volume, as indicated by hematocnt and plasma protein concentration, 
wcie w'cll maintained m both the noinial and the bled dogs, as was also the 
blood piessure follownng massive hemorrhage 

The plasma pioteins were apparently replaced at about the same rate 
as that at which the gelatin disappeaied from the blood stream Following 
cl biief period of osmotic adjustment to the high osmotic pressure of the 
infused gelatin, the total piotein levels w'eie well maintained in the experi- 
ments involving hemorrhage 

The decrease m total plasma piotein concentration (including gelatin), 
wdiich occurred soon after gelatin infusion, may be explained by increase 
111 plasma colloid osmotic piessure and compensator}'^ hemodilution, since 
the six per cent gelatin used has a colloid osmotic pressure about twice that 
of plasma Determinations of plasma colloid osmotic pressure of blood drawn 
15 minutes after gelatin replacement following hemorrhage, sbow'ed an in- 
crease of approximately 20 per cent * Calculations indicate that the plasma 
volume is increased to an extent greater than the volume of fluid infused, 
which IS in keeping w'lth the increased osmotic pressure and consequent 
hemodilution from interstitial fluid 

Approximately one-half, or less, of the gelatin wdneh leaves the blood 
slieam is accounted for by the kidney excretion figures The normal dog, 
III Figure 2, excreted 27 per cent of the gelatin infused , the dog subjected 
to hemorrhage (Figure 3), receiving a large amount, excreted 56 per cent 
One other normal dog excreted 59 per cent 

Discussion — The fate of gelatin wdneh is not excreted remains obscure 
Normal animals which received repeated w^eekly infusions of 30 cc of gelatin 
solution per kilogram show'ed no indication of a deposition Parenterally 
administered gelatin may be partially utilized in metabolism of the body 
tissues, or it may enter into maintenance or replacement of plasma pioteins 
That parenteral gelatin is metabolized to maintain nitrogen balance or 
equilibrium is indicated by the w'ork of Biunsclnvig, Scott, Corbin and 
Moe Experiments now in progress w ill yield additional data relative 
to the question of the utilization of intiavenously administered gelatin 

HI — STUDIES ON HEMORRHAGE 
COMPARISON OF GELATIN WITH S-ILINE AND PLASMA 

Hemorrhage, by w'ldely different procedures and undei various condi- 
tions, IS commonly employed as a method by wdiich the efficaev of potential 
blood substitutes may be evaluated Unfortunately, there is no standard 

*We wish to thank Doctors Tourtellotte and Williams, of the ICind-Kno\ Research 
Laboratories, for the colloid osmotic pressure determinations 
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generally accepted piocediue {oi this puipobe This fact makes difficult 
the comparison of lesults fiom difl-erent laboratories wlieie various sub- 
stitutes are under study 

Three bleeding procedures similai to those used experimental ly by 
otlieis, each of uhich is frequently parallelled in military oi civilian injuries 
were employed m the following experiments The efficacy of gelatin uas 
compared undei umfoim conditions Avith saline oi Avith saline and plasma 
Conditions ueie such that feu, if any, of the animals so tieated would have 
surMAcd uithout admimsti ation of one of the three infusion fluids 

I — SINGLE MASSIVE HEMORRHAGE AND IMMEDIATE INFUSION 
Ten dogs uere bled by aitenal needle puncture, over a lo- to 15- 
minute intenal to the point of an hungei 01 respnatory failure, uith 
the blood piessure falling to 15 to 20 mm of Hg Infusion was begun 
within two minutes The volume infused was, in each case, equal to the 
volume of blood Avithdiaivn Foui dogs, two in each infusion group, uere 
given artificial respiration until the beginning of the infusion Five animals 
uere infused uith gelatin five were infused with saline 

Results — ^The data are shown as average values in Table II All these 
unanesthetized dogs smvived the removal and replacement of approximately 
one-half of then total calculated blood volume Obviously, survival as a 

Tabu 11 

SUNLMARA OF \\LRAGL VALUES — SINGLE RAPID MASSIVE HlMORRHAGI 
immediate infusion — Saline and Gelatin 

After Infusion 


Determination 

Initial 

Infusion 

15 minutes 

3 hours 

24 hours 





% 


% 


% 





Initial 


Initial 


Initial 

Blood Pressure 

135 

Gelatin 

125 

92 5 

101 

74 8 

113 

83 6 

mm Hg 

134 

Saline 

90 

67 0 

105 

78 4 

118 

88 0 

Hematocrit 

46 

Gelatin 

15 

32 6 

16 

34 8 

23 

50 0 

% cells 

44 

Saline 

27 

61 4 

27 

61 4 

25 

56 0 

Total Protein 

5 83 

Gelatin 

5 10 

87 5 

4 62 

79 3 

5 07 

87 0 

gm % 

5 22 

Saline 

3 21 

61 5 

3 74 

71 5 

4 28 

82 0 


ciiteiion IS of little value in detei mining the relative meiits of infusion fluids 
under the seemingl} severe conditions of hemorrhage in these experiments 
A higher total piotein concentration, a considerably greater decrease in 
hematociit, and the return of blood pressure to noimal within 15 minutes 
after gelatin infusion indicated a definite superiority of gelatin ovei saline 
m expel imental hemorrhage of this type Results from one such experiment 
in which gelatin disappearance and excretion cieie studied are illustrated 
by Figure 3 

Discussion — There is no general agreement m the literature regarding 
the efficacy of saline infusions m experimental hemorrhage --- 21, 25 26, 10, 11 

It should be pointed out that animals shov a lemarkable spontaneous physio- 
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logic compensation to a massive lapid hemonhage, if the brief critical period 
after hemorrhage is overcome by administration of any isotonic fluid Even 
though the concentrations of plasma protein may be reduced, and the eftect 
of saline in restoration of blood volume and piessure m some conditions may 
be transient, the admimstiation of saline as a temporary expedient should not 
be Ignored 

Conclusions as to therapeutic efflcac}'^ of a number of i^roposed blood 
substitutes have been based upon survival alone, or upon blood pressure 
elevation following infusion of a blood substitute in animals subjected to 
single lapid hemonhage”’^’-' In those instances where the effect of 
saline alone w'as not dctei mined undei conditions of severe and otherwise 
fatal hemonhage, the question may be seriously raised as to how much of 
the apparent influence of the blood substitute was a result of the fluid m 
which it was dissolved 

Undei the conditions of single massive rapid hemonhage and immediate 
infusion used in experiments illustiated in Table I, all of the dogs showed 
a definite hemodilution, increased blood piessure, and survived when saline 
or gelatin w'as infused The early i espouse to gelatin suggested its superiority 
over saline alone Howevei, the phj'siologic mechanisms of compensation 
w^ere sufficient to make both groups more nearly comparable at three and 
24 hours 


2 — rniPLr, HEMORRirA-Gr: A^rD iicfusiox 
A coiiti oiled tuple hemorrhage pioceduie piovided a more ciitical 
method of evaluating gelatin 

Dogs undci nembutal anesthesia (25 mg pei Kg, intiavenously) were 
bled 30 cc per kilogram (approximately one-tbird their blood volume), 
and infused wnth an equal volume of gelatin, or saline One hour after the 
first hemorrhage the animals w^ere bled another 30 cc per kilogram, or 
until the blood pressure dropped to 30 mm of Hg They weie then infused 
One hour later they w’-ere similarly bled and infused for the thud time 
Results — When saline was infused (Figure 4) the blood pressure returned 
to nearly normal levels aftei the first infusion but was not well maintained 
and usually diopped to 30 mm Hg upon completion of the second hemoi- 
ihage Aftei the second infusion the blood piessuie laiely returned to 
noimal, and lapidly dropped to about 30 mm of Hg dining the thud hemoi- 
ihage Only eight to 21 cc pei kilogram, wuth an aveiage of 15 cc pei 
kilogiam, could be w'lthdiawm safely at the third bleeding, since 'a blood 
pressure below 30 mm Hg may be rapidly fatal During the thud infusion, 
the blood pressure rose to about 80 mm of Hg but w^as not sustained, ei en 
though additional saline may have been infused Howevei, two of the 
five dogs infused with saline recovered, even though the blood pressure 
remained at about 60 mm Hg for many hours The plasma protein con- 
centration w^as reduced to thiee to foui Gm per cent The hemodilution 
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and increased plasma volume, as indicated by hematociit and hemoglobin 
Mere Avell maintained 

The gelatin-infused dogs (Figure 5) weie decidedly nioie lesistant to 
this repeated bleeding The blood piessuie diopped but little more duiing 
the second hemorihage than dining the fiist, and in eveiy case, the full 


K % cells 



Tig 4 — Sihnc in triple hcmorrliigc 

30 cc pel kilogiam could be lemoved dining the thud hemoiihage without 
a deciease in blood piessuie to ci.tical levels Thiee such dogs maintained 
a neaily normal blood piessuie aftei the thud infusion of gelatin, and 
recovered With gelatin infusion the total piotem levels were well main- 
tained, and hemodilution ivas marked 

Two additional dogs were bled to a total of 100 cc per kilogram, in 
three hemorrhages, followed by immediate infusions with gelatin These 
two animals succumbed within 16 hours, even though the blood pressuie fell 
to only 46 and 68 mm of Hg , respectively, upon the third bleeding, and 
lose again to 74 and 80 after the thud replacement with gelat n Hematociits 
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wcie 6 6 to 8 o pci cent, lespectively, and the annnalb A\eie markedly dyspneic 
No er3'thi ocytes ^^cle icplaced in any of the triple hemorrhage experiments 
Jt appears piobablc that death of these two dogs was due largely to anoxemia, 
lesultmg fiom a too diastic reduction in numbers of erythrocytes, rather 
than to de])letion of plasma volume Ihe contrast betw^een the gelatin and 
the sahne-mfused animals was most striking m the response to a third 
hcmoiihage Only eight to 21 cc pei kilogram, wuth an average of 15 cc . 
wcie bled fiom the sahne-mfused animals to 1 educe blood pressure to 30 inni 
% cells 



Hg Thiity cubic centimeters pei kilogiam could be withdiawn during 
the thud hemorrhage from each ol the animals infused wnth gelatin, w'lthout 
1 educing blood pressuie to such a ciitical level 

The dog illustiated in Figuie 6 showed definite and maintained improve- 
ment following gelatin infusions although prior saline infusions had failed 
to lestore stabiht}'^ of the blood piessure Total protein concentration, 
hemodilution and blood pressuie w'ere increased and w'ell maintained aftei 
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each gelatin infusion Despite a blood piessuie of 50 niin of Hg , and 
below, for seveial hours dining the peiiod of saline infusion, the administia- 
tion of gelatin w'as folloived by complete lecoveiy 

3 — PROLONGED HEMORRHAGE AND SUSTAINED HYPOTENSION 
The spontaneous compensation of the dog to hemorihage, and the ef- 
fectiveness of fluid replacement aie markedly influenced by the rate of 
bleeding, and the degiee and duiation of the hypotension When 

the bleeding was piolonged 01 intermittent, and the blood piessuie main- 


% cells 



Pig 6 — Saline gelatin m triple hemorrhage 

tamed at critically low levels by subsequent lepeated withdiawals of blood, 
the response to a replacement of plasma volume is altered and the adequacy 
of the infusion fluid conespondmgly diminished Although heniodilution 
and increase in plasma volume and blood pressuie occur after infusion of 
fluids, determining factois apait from blood volume m the blood pressure 
maintenance, such as peiipheial resistance, may not be adequately com- 
pensated for by the infusion, and the ciiculation may fail 

In the following expeiiments gelatin as a plasma substitute was studied 
by comparison with saline and also wnth plasma under conditions wherein 
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saline was of little value in the majority of cases, and plasma uas nniformh 
cffectne 

Sixteen clogs, nnclei nembutal anesthesia, uere bled m three stages, 
ovei a period of 30 to 40 minutes Mean arterial blood pressure uas main- 
tained between 30 and 40 mm Hg for 30 to 40 minutes by additional bleed- 
ing if the blood piessure rose above 40 If the blood pressure dropped two 



or tbiee millimeters below 30 mm Hg whole blood was injected in order 
to maintain the pressure at approximately 35 An infusion volume of the 
substitute ecjual to the volume of blood withdrawn (minus the amount replaced 
in keeping the animal alive during the hjpotensive period) w'as admin- 
isteied at a uniform rate in each case 

Results — Three untreated dogs succumbed wnthm tw'o and one-half 
hours Three of five sahne-infused dogs died within tw'o to six hours, 
although the blood pressure after infusion w^as poorly maintained, two dogs 
recovered in spite of persistently low’^ blood pressures of betw’^een 60 and 80 
mm Hg for many hours after infusion The blood pressure of all five 
gelatin-infused animals w^as increased to over 100 mm Hg upon in- 
jection of approximately 50 per cent of the infusion volume, it was further 
increased and w^ell maintained following completion of the infusion (Figure 
7) Complete recovery w^as rapid and uneventful in all five animals 

Three dogs infused wuth plasma reacted in much the same manner as 
did the gelatin-infused dogs, and all recovered Figure 8 is typical of all 
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plasma and gelatm-tieated animals The hemodilution and mciease m 
plasma volume, as indicated by hemoglobin and hematociit, was moie marked 
aftei gelatin infusion than aftei plasma This may be due to the fact that 
the SIX pel cent gelatin piepaiation used has a colloid osmotic pressuie value 

% Cells 



gi eater than that of plasma Gelatin, under the conditions of this experiment, 
IS undoubtedly supeiioi to saline, and compares favoiably with plasma as 
an effective blood substitute in maintenance of colloid ismotic pressure, blood 
volume and blood pressuie Gelatin theieby permits complete lecovery of 
animals from a state of posthemorrhagic hypotension, which is fatal to un- 
treated controls and to a majority of saline-infused animals 

Discussion — The question may be asked how gelatin compares with 
plasma and othei plasma substitutes in experimental hemorrhage, under more 
diastic conditions wheie even plasma is not uniformly adequate for survival 
Experiments now in progress, involving fuither piolongation of the peiiod 
of hypotension, tend to indicate that under such extreme conditions the gelatin 
solution as now constituted falls shoit of being a complete replacement for 
plasma Although the increase in blood volume may be even greater, and 
may be as well maintained after gelatin as after plasma, the blood pressure 
IS moie adequately sustained and survival more definitely assured with plasma 
than with gelatin Hemod}namic factors, in addition to replacement of 
colloid osmotic pressure and plasma volume, enter into a consideration of 
complete recovery in these experiments 
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In gcneidl, the lesults fiom a lathei small numbei of dogs subjected 
to expel iments on hemoiihage have led us to the tentative conclusion, 
that gelatin becaiise of its colloid osmotic piopeities is definitely superioi 
to saline, but may be deficient in some of the beneficial propeities of whole 
blood or plasma When tested undei conditions where leplacement of 
colloid osmotic piessuie and jMasma volume are sufficient, that is, before 
the exhibition of the so-called “ineversible” factois described by Wig- 
geis'®-'^'’’ “ gelatin compaies fa\oiably with plasma 


IV — GELA.TIN IN BUHN SHOCK 

Although a given blood substitute maj be found to be entiiel} satlsfactor^ 
111 the tieatment of hemorihage or posthemoiihagic shock it may oi may not 
he equally efficacious m tieatment of othei shock states, such as those follow- 
ing theimal or mechanical injuiies Ely and Angelo^"^ have concluded from 
their obseivations on labbits subjected to sublethal burns, that a gelatin- 
glucose-salt solution is as eflfective as plasma m combatting the hemocon- 
centration Grochns’* recently reported that gelatin-saline is much more 
effective than saline alone, and about equal to plasma, in producing a 
sustained rise in blood piessure of dogs m shock resulting from limb tiauma 

In studies of gelatin as a plasma substitute in burns, it seemed important 
to deteimine the hemodilution, blood piessuie and other criteria of colloid 
osmotic pressuie and fluid distiibution m the fiist 12 to 24 hours, and also 
the later 1 espouse of the treated animals in the so-called “acute toxemia” 
phase 

Eight of 30 dogs binned were used m trials to determine, by a controlled 
lepioducible piocedure (similar to that described by Tiuslei, Egbert and 
Williams®^), the degree of injury which would be fatal to most if not all 
untreated animals , a burn not so severe as to be irreversible, but one in which 
plasma therapy might still be effective The following procedure was used 
in the 22 dogs included in this leport The haii of the animal was closely 
clipped fioni the hmdquarteis and body, up to the axillae The animal 
was anesthetized with morphine and ainytal, then immersed up to the axillae 
in water at 72° C for 60 seconds Ether was used to supplement the anesthesia 
during the immersion Observations weie continued to death, or for a 
peiiod of 72 to 96 houis of survival, at which time the lecovermg animals 
weie sacrificed for pathologic study All dogs weie infused with 30 cc per 
kilogram of body weight of the test solutions, at comparable intervals of 
time (two and nine boms) following the injury The volume of the third 
infusion varied between i 5 per cent and 3 o pei cent of body weight, de- 
pending upon the extent of the hemoconcentration at the time Other 
conditions weie kept uniform, including the taking of blood samples and 
blood piessure deteimmations The animals were permitted to lecover 
from the anesthesia Sulfathiazole ointment was used to contiol skin 
infections 
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Results — The aveiage suivival time of five untieated animals ^\as ii 
houis, with a lange of fiom foui to 19 hours Of the five sahne-ti eated 
animals, t\\o lecovered, and ^^ele sacuficed at 72 hours, -while three suc- 
cumbed within nine to 20 houis, with an aveiage suivival of 13 hours One 
gelatin-infused dog 1 ecovei ed , seven died in fi om nine to 67 houi s, u ith an 
a-\eiage suivival of 2S houis Thiee of the four plasma-ti eated dogs re- 
covered, one of the plasma animals died at nine houis, just pievious to the 
second infusion 

Although the hemodilution efiect of saline was slight 111 compaiison uith 
gelatin 01 plasma, it appealed that saline alone uas beneficial to these animals 
Tuo dogs suivived the fiist 12- to 24-hoiir peiiod of ciitical plasma leakage 
leached the stage uhen compensatoiv blood volume contiol was leestabhshed, 
and hemoconcenti ation spontaneously disappeaied while the blood piessuie 
was maintained 

The lapid piogressive hemoconcentration, due essentially to leakage 
of plasma into the injuied aiea thiough capillaiies peimeable to piotein, was 
well compensated by gelatin infusions Figure 9 is repi esentative of typical 
cases in each of the four groups of animals The colloid osmotic piessuie 
of the plasma protein appealed to be adeqnatel}’- leplaced by gelatin, since 
the hematociit and hemoglobin levels could be bi ought to noimal, and 
w'eie about as w^ell maintained as wnth the infusion of equivalent volumes 
of plasma, as shown by Figure 9 and Table III The late of hemoconcen- 
tration following the first and second infusions of gelatin, as compared with 
that following plasma infusion, suggests that the gelatin molecules may be 
as well retained by permeable capillaiies as are the plasma proteins 

Discussion — With gelatin infusions the survival of the animals could be 
extended beyond the peiiod when plasma loss into the binned area might 
be considered to be a cardinal factor Although the hemoconcentration w^as 
corrected, the blood piessuie was not permanentl) maintained and, with the 


Table III 


SUMMARY or AVERAGE VALUES 

HEMOCONCENTRATION (HEMATOCRIT) OE DOCS SEVERELN BURNED 



No 

Hematocrit 


of 

(% cells) 

Treatment 

Dogs 

Normal 

Saline 

5 

44 

Gelatin 

8 

42 

Plasma 

4 

45 


Per Cent of Normal 


Infusion 

I 

Infusion 

II 

Before 

After 

Before 

After 

136 

126 

153 

127 

137 

lOS 

145 

9S 

140 

116 

149 

94 


exception of one dog, the animals, nevei theless, succumbed The mechanism 
involved in this circulatoiy collapse wdnch is unassociated wnth hemoconcen- 
ti ation in the secondaiy phase of burn shock remains obscure The possibility 
of functional impairment of some vital oigan such as Inei, adrenal 01 kidney, 
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ahead) damaged thiough anoxia or thioiigh absorption of some hypothetic 
toML substance fiom the burned area, has not been excluded 

Since gelatin comj)ensates foi the osmotic pressure of lost plasma protein 
.ind appaicntl) collects the plasma volume deficienc) of burn shock, we are 
delei mining •whether or not the efficacy of gelatin in burn treatment may be 
enhanced thiough modification of the gelatin solution or its technic of 
administration, and through the concomitant use of accessory humoral factors 
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Pjq g — Saline, gelatin and plasma in burn shock 
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SUAIiSL\Ry AND CONCLUSIONS 

1 Normal dogs toleiate lepeated infusions of large volumes of gelatin- 
saline solution without any seiious toxic leactions specific to gelatin Un- 
favoiable reactions that do occur aie reversible and aie frequently produced 
by infusions of compaiable amounts of saline oi plasma 

2 Pseudo-agglutmation of eiythiocytes and increase m sedimentation 
rate, r\hich also occiii following infusion of othei macromolecular colloids, 
have been obseived both in vifio and in vivo following infusions of gelatin 

3 Bromsulphalem letention occuiied aftei lepeated infusions of gelatin 
but IS piesent to some extent, m dogs infused with compaiable volumes of 
plasma Othei hvei function tests i\eie essentially negative 

4 Kidney function, as detei mined by urea cleaiance, was appaiently 
unimpaiied after single and repeated infusions of gelatin m noimal dogs 

5 Tissue changes obseived histologically were leversible and slightly 
moie marked with gelatin than with plasma infused in equivalent volumes 
and under similai conditions No chronic tissue stoiage nas observed m 
animals which received lepeated infusions of large volumes of gelatin 

6 A tiansient diuiesis and excietion of gelatin followed its infusion 
m noimal dogs and dogs subjected to piehminary hemorrhage About half 
of the gelatin infused w'as accounted for by uiiiiary excietion 

7 Follow'ing massive, rapid hemorrhage and immediate infusion of 
gelatin, the plasma pioteins w^eie appaiently replaced at about the same 
late as that at wdiich the gelatin piotein disappeaied fiom the blood stream 

8 All dogs survived a rapid, massive hemorrhage to point of lespiratory 
failure and blood pressure levels of approximately 20 mm Hg ivhen im- 
immediately infused ivith either saline or gelatin The higher total piotem 
concentiatioii followang gelatin infusion, the considerably greater hemodilu- 
tion, and the more rapid leturn of the blood pressure to noimal, strongl}'- 
bear out the superiority of gelatin over saline in experimental hemorrhage 
of this type 

9 The resistance of the dog to repeated massive hemorrhage, followed 
by gelatin infusion is markedly increased over that of the animal similarly 
bled and infused wutli saline The saline-mfused dog in which the blood 
piessuie continued to decline and remained at critical levels for honis 
following repeated infusions completely lecoveied upon subsequent in- 
fusions of gelatin 

10 Followung a slow, three-stage hemorrhage, wuth blood pressure 
maintained at 30 to 40 mm Hg for 30 to 40 minutes, all untreated dogs 
succumbed wuthin a few' hours Although elevation of plasma volume and 
blood piessure w'eie not maiked or w'ell maintained after infusion of 
saline, compensation occurred and two of five dogs slowdy recovered Three 
of the saline-treated animals died in twm to six hours Gelatin infusion 
resulted in a more marked hemodilution than did plasma infusion under 
uniform volume replacement The blood pressuie was restored and main- 

211 



PARKINS, KOOP, RIEGEL, VARS, AND LOCKWOOD su^ry 

tamed at approximatei}’^ the same normal levels vith gelatin as vith plasma, 
and all dogs made a rapid, complete recover}’’ under these conditions ot 
experimental hemorrhage, gelatin appears to be a suitable substitute for plasma 

11 In eight dogs subjected to a standardized reproducible burn of a 
degree fatal to untreated animals and to a majoritv of sabne-mfused animals, 
gelatin solutions compensated for the loss of plasma from the blood stieam, 
and corrected bemoconcentration to the same degree as did plasma infused 
m foul animals Although siuvival was extended m the burn shock gelatin 
group be’Nond the period when death occurred m controls presumably from 
bemoconcentration, seven of eight dogs succumbed aftei progressive decline 
m the blood pressure, unassociatcd w itb bemoconcentration Undei identical 
conditions, with plasma infusion onl) one of foui dogs succumlied 

12 If a factor can be identified m plasma which accounts for its abibtv 
to maintain blood piessuie m the seveiely burned animal during the 
secondary phase of so-called “acute toxemia,” the addition of this iactor 
to gelatin would probabl} result m a moie adequate plasma substitute 
foi burns 
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Discussion — Dk John S Lockwood (Philadelphia, closing) I want to thank Df 
Giaham for making reference to Hogan’s work on gelatin As a matter of fact, we have 
lef erred to it in the manuscript, but because of the shortage of time I omitted reference to 
it, which I would not have done had I been aware of the fact that that work was done in 
Cincinnati Gelatin chemistry has made many advances toward purification and 
standardization of material, which gives us many advantages over workers of twentj- 
h\e years ago 

I also omitted reference in m3 remarks to the vei3'’ interesting stud}"^ being con- 
ducted by the group in Chicago, under Dr Brunschwig We feel that these two studies 
are supplementing each other in a rer3' useful way We also believe that gelatin may 
serve as a means of pioviding pai enteral feeding of piotein 

One of the problems we have been up against all along in this work has been to 
“hew to the line” of studying gelatin as a blood substitute, because so many interesting 
problems concerning shock and burns have cropped up m connection with the work, 
that we have been tempted frequently to drop our primary study m pursuit of these 
possible “will-o’-the-wisps ” For example, we think the gelatin work has brought 
out further evidence of the dissociation of the pioblem of blood-iolume maintenance 
fiom the pioblem of peripheral blood flow m the shocked individual 

The restoration of normal blood 10111010 by the administration of a colloid such 
as gelatin will not alone constitute adequate therapy in shock 
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J F H L Taylor, Pii D , Stanley M Levenson, M D , 

^ Charles S Davidson, M D , Newton C Broavder, M D , 

AND 

Charles C Lund, jNI D 
Bosiox, jMass 

PROM THE THORNDIKE MEMORIAL LABORATOftT, SECOND AND EOURTH MEDICAL SERMCl S (HARVAKD), AND Till 
BURN ASSIGN"MENT OE THE SURGICAL SERATCES OE THE BOSTON CIT\ HOSPITAL AND THE DEP \RTMENTS OE MEDI- 
CINE AND SURGERA, HARVARD MEDICAL SCHOOL, BOSTON, ALASS 

Although ihe TREviMENr of the burned patient is usually legaided as 
a surgical problem, numerous underlying physiologic, metabolic and clinical 
complications must be constantly borne in mind Fiequently, the success 
or failure of carefully planned and veil executed surgical pioceduies, such 
as skin grafting, depends upon the eaily recognition and eflective handling of 
these underlying distui bailees Infection,^ shock, immediate oi late,” anemia,^ 
and disturbances of kidney oi liver function’ may occiii as complications of 
burns All these factors tend to delay healing 

The presence of any, or all, of these factors may also have a profound 
effect on the metabolism of the patient An oppoitunity has been aftoided 
to study some of the abnormalities of metabolism in a laige senes of burned 
patients The details of the earliest of these investigations aie given else- 
vhere’’ The present communication deals with only one aspect of this 
very large pioblem, namely, the pioblem of piotein metabolism in the 
burned patient 

Hypoproteinemia occuried fiequently in a senes of 63 patients upon whom 
a sufficient number of laboiatory obseivations weie made In some patients, 
hypoproteinemia was fugitive, and was probably associated with eail}'- loss 
of plasma In otheis, it persisted foi some time, but was not seveie and 
responded to high piotein diets containing fiom 100 to 125 Gm of piotein 
per day These diets were supplemented with 25 to 30 Gm of bieweis 
yeastT and othei added vitamin supplenients,t and contained appi oximately 
3000 caloiies Othei patients did not lespond to, 01 could not ingest, such 
diets This group was composed of the most severely burned of all the 
patients studied, and in them the hypoproteinemia became piogressive, and 
often reached the anasarca level Simple loss of plasma in the foim of 
persistent surface exudate could not alone account for the hypoproteinemia 

* Presented before the American Surgical Association, Cincinnati, Ohio, Atay 

14, 1943 

The work described in this paper was done, in part, under a contract, lecommended 
by the Committee on Medical Research, bct\\feen the Ofhcc of Scientific Research and 
Development and Harvard Unwersity 

t Provided by the courtesy of the Brewery Foundation, of New Yoik 
t Provided by the courtesy of Afeick & Co, Rahway, New Jersey 
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in these patients But theie is no doubt that this ^\as an impoitant con- 
tiibiiting factoi, although, unfoi tunatel)f, one that cannot be studied 
quantitatively 

A detailed study of nitiogen metabolism has been made upon a patient 
with a bum of 55 pei cent of his body suiface Similai studies have 
been made upon nine othei patients The data fiom these patients are 
not complete but aie entiiely confirmatoiy in essential details of the findings 
repoited heie The impoitant laboiatoiy data are piesented in Chait i 
All values have been calculated in terms of piotem They include piotein 
intake fiom all sources 


RELATION OF PLASMA PROTEIN TO 
PROTEIN INTAKE AND OUTPUT 
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Chart I 


CASE REPORT 

C J , age 22, a coast guardsman m excellent physical condition and with a non- 
intnbutory past history sustained flame burns shortly before entry to the hospital 
n admission, a physical examination re\ealed a w'ell-developed and w'ell-nounshed 
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loung mail, iMtli bmiib ol sudi sciLiity that it wab latci dctci niiiicd that approximatelj' 
45 pLi cent of Ills body area was iinohed in third degree burns and a lo per cent 
furthei area iMtli second dcgiec bin ns The bums wcic on the face, scalp, whole back, 
flanks, and laige paits of all foui evtreinities 

His pulse was rapid and tlueadj He was cold and clammy His blood pressiiic 
was not taken because of bis leg and arm burns !Maiked hcmoconcentration was pres- 
ent and the lequired i/ units* of plasma were administered based both on the extent 
of the burn and on hematologic data The plasma and four liters of saline w ci c 
administeied oier a period of 48 hours all of the plasma being guen 111 the fust 24 
hours No debiidement was attempted, and his burns were treated b\ tuple dje 

His earU complications were hcmoglobiiiemia, hemoglobinuria, with oliguria and 
azotemia His azotemia was of a reiersible tjpe The blood nonprotcin nitrogen re- 
turned to normal after a few dais of normal urine output At the end of 24 hours 
he was guen sulfadiazine by mouth, with satisfactori blood Icicls and a noinial 
kidnei cleaiance of the drug 

Urine nitrogen data showed the presence of unusuallj' large amounts of nitrogen 
111 the urine, amounting on some occasions to 34 Gm m a 24-hour period He lost 
his appetite and, for a period of four weeks, the protein component in his diet did not 
exceed 80 Gm per daj At the end of six weeks he had sustained a calculable net 
loss of oier 2000 Gm of protein This deficit was occasioned by the negative nitrogen 
balance occurring during the first four weeks These figures obviously do not take into 
consideration tlie ier\ considerable loss of nitrogenous material from the burned area 
which, by clinical obsenation, peisistcd for ig weeks, at which time the skin grafting 
w'as nearly complete Therefore, the nitrogen deficit must actually haic been much 
greater than the calculable 2000 Gm would indicate 

The significance of a protein deficit of 2000 Gm should be carefullj examined It 
icpresents an equnalcnt in terms of plasma of 40,000 !M 1 Expicssed as loss of 
muscle tissue it represents a loss of ten kilograms or approximately 22 pounds The 
problem of balancing such a protein deficit m a sevcrel}’’ burned patient bv feeding 
a high protein diet was extremely difficult By considerable persuasion, the patient 
was pi ei ailed upon to take inanj supplemental 3' feedings until his intake was approxi- 
mateh 130 Gni of protein a dai, and his caloric intake 3000 Gm This repiesented in 
Ins case the absolute plnsical abihh of the patient to ingest food b}" mouth This diet 
was continued fiom the 7th to the 12th week of his hospital stav Fiom the end of 
the first week he also had another small source of protein intake in the plasma content 
of 6000 cc of whole blood tiansfusions in 12 weeks These w'ere giien in 300—1000 cc 
doses at frequent intenals The plasma proteins from this source is included in the 
lalues given in the chait Nevertheless, in spite of cooperation on the part of the 
patient, and in spite of the fact that an appaiciif positive mitogen balance was obtained 
throughout this period of high piotem intake, his plasma protein fell and the edema, 
which became noticeable at the end of the fourth w'eek, progressed By the beginning 
of the I2th week the plasma proteins had fallen to 3 i and the albumin to I 6 mg 
per kll of plasma, respectivelj’’, and the edema w'as massii e 

His clinical condition at the beginning of the 12th w'eek w'as desperate and heroic 
measures of alimentation w'ere begun Se\enty-five Gm of human albuminf and 
several units of desiccated plasma, reconstituted at ten per cent protein content, w'ere 
administered and feeding commenced by vein and stomach tube The details and 


One unit of plasma is 250 ml of theiapeutic plasma with a protein content of 
approximately five per cent 

T Provided through the courtesy of Professor E J Cohn 
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theoretic discussion of the alimentation used in this patient is given in another com- 
munication ® Only the essentials of the treatment will be given here The protein 
intake was increased from 800 Gm to between 1700 and 2000 Gm pei week On 
some days his protein intake amounted to 500 Gm Intravenous alimentation was 
carried out with ammo-acids obtained from acid hydrolysis of casein with added water- 
soluble vitamins By stomach tube, a high caloric, high protein, high vitamin diet 
m semifluid form were administered The intubated food was supplemented with 30 
to 40 Gm of brewers 3'east, 20,000 units of vitamin A, 1000 units of vitamin D, 200 
mg of asorbic acid, 20 mg of thiamin, 10 mg of riboflavin, and 200 mg of nicotinamide 
per day The nitrogen intake per week administered by vein was equivalent to 225 
to 625 Gm of protein, while by intubation over the same period of time from 1000 
to 1200 Gm of protein were administered 

The results were striking Immediately following the administration of the 
albumin and concentrated plasma there was an abrupt delivery of the edema, which 
continued to dimmish m degree throughout the first week of high protein intake During 
the second week of forced alimentation the edema reappeared briefly, due, in part, 
to an error in making up the ammo-acid solution in isotonic saline, instead of in 
distilled water About 10,000 Ml of saline solution were thus administered over a 
period of four days before the error was detected However, the correct procedure 
was reestablished and the edema giadually decreased until, by the beginning of the 
15th week, it disappeared The forced alimentation was continued until the end of 
the 19th week 

In the 14th week his general appearance and the appearance of his granulating 
surface had improved to such an extent that for the first time since the burn it seemed 
possible to perform skin grafting operations Because of the great area involved, 
Reverdiii giafts were chosen as the only reasonable kind During the next four 
weeks he underwent, in bed, four thiec-hour sessions of grafting Novocain anesthesia 
was used The giowth of new skin between the grafts was exceptionally rapid 

The total plasma piotein losc fiom the 12th to the 19th week to an almost normal 
level Following the administration of albumin, theic was an abiupt rise in the plasma 
albumin fraction The loss of edema during the day following the administration of 
albumin was striking It may also be mentioned that there was a slow rise of globulin 
from the 12th week on The rise continued and resulted in an abnormally high globulin 
level The cause of this rise is not at picscnt known Liver function tests at this 
tune were noinial although infection was present 

At the conclusion of the peiiod of forced alimentation, it was calcuhted that a 
positive balance of 6000 Gm of protein existed m this patient Howevei, paitition of 
the blood and urine nitiogen showed no icniaikable lo's of aimno-nitiogen when aniino- 
acids were injected Neithei was the total nitrogen of the urine lemaikablv increased 
In fact, on one day, when the intake was calculated as Soo Gm of piotem, the patient 
letained appi oximately 380 Gm and the uiine nitrogen excietion showed a 75 pci cent 
conversion of all excreted nitrogen to uiea It would appeal, therefoie, that the loss 
of nitrogen through the granulating surface or the demand for tissue must have been 
very great, since, while the calculated nitiogen deficit based on intake and output 
studies was more than balanced by forced alimentation, he continued to metabolise and 
to retain large amounts of protein 

The clinical improvement of the patient under this regimen was striking In the 
19th week he was returned to a diet of 125 Gm of protein without noticeable return 
of edema In the 231 d week he was weighed for the first time since the accident 
Although his health and appearance had improved greatly fiom his worst condition, 
he was still 55 pounds below his noinial 167 
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Discussion — The findings in this patient, and in the eight other patients 
studied, aie confirinatoiy of the obseivations of Lucido In seveiely burned 
patients theie appeals to be an excessive loss of nitiogen into the mine in 
addition to laige losses of nitiogen by exudation fiom the burned suiface, 
and an increased nitiogen demand foi the building of nev tissue These thiee 
factors can result in serious nitrogen deprivation, ^\lth consequent edema 
and general malnutiition The causes of inci eased nitiogen loss aie many 
Tissue destiuction, infection, inci eased metabolism and demand for piotein 
for the 1 epair process all play a pai t 

It must be emphasized that, A\hile the majoiity of binned individuals 
may restore nitrogen balances on simple dietaiy legimens, seveiely binned 
patients ma)' not There vas a direct relation between the extent and 
seieiity of burn and the amount of nitiogen loss in the piesent senes of cases 
Nitrogen balance studies based upon mine and stool analyses, together 
vith known nitrogen intake, cannot leveal the quite considerable nitrogen 
loss fioni the burned suiface and the demand for building new tissue On a 
high protein diet alone, this patient developed a piotein deficit of 2000 Gm , 
based upon intake and output studies, vhicli was eliminated and a final, 
appaient, positive balance obtained In spite of this, the patient’s edema 
increased and it was not until a total nitiogen letention estimated at ovei 
6000 Gm of protein had been obtained that the edema was completely 
delivered and a good nutrition obtained In other voids, at least 6000 Gm 
of protein vere lequiied, ovei and above that indicated by balance studies 
by this patient, and this only aftei the net loss of 55 pounds of his oiiginal 
body V eight 

These results suggest that an early appiaisal of nitiogen losses 111 binned 
patients is necessaiy When maiked negative nitiogen balances appear, steps 
must be taken to provide an enhanced nitiogen intake In some seveiely 
burned patients positive nitiogen balances will be found impossible to 
maintain fiom diets alone, due to the physical impossibility of ingestion 
of such diets In such an event, it is suggested that foiced alimentation by 
intubation 01 by the intiavenoiis administiation of amino-acids, with the 
precautions pieviously stated,'’ should be attempted as soon as possible 

With such protein deficits as shown heie, leplacement by whole blood 
or plasma tiansfusions aie cleaily impossible, since it would be necessaiy to 
administer 120 liters of plasma to accomplish the equivalent of the supple- 
mentary alimentation given The only satisfactory way that can be considered 
at present is forced alimentation by intubation and ammo-acid administration 
by vein with proper precautions 

feUMlMARY AND CONCLUSION 

I Inci eased nitrogen excietioii in the mine of some seveiely burned 
patients has been established 
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2 Calculable mtiogen deficits, based upon intake and output studies alone, 
of some duiation and gieat magnitude have been observed 

3 Coirection of such a deficit by high piotein feeding failed to bring 
a patient into true nitiogen balance because of incalculable losses which were 
probably fiom the burned and gianulating surface 

4 Heioic intravenous and tube feeding apparently lestoied his tiue pio- 
tein balance This feeding leached a level of intake of the equivalent of 2000 
Gm of piotein per veek, and resulted in establishment of an apparent posi- 
tive nitrogen balance of over 6000 Gm 

5 In spite of this apparent positive nitiogen balance, he is still moie than 
one-thud below his normal n eight, so that even the calculation and considered 
deficits aie much belon the actual one 

The authors acknowledge the technical assistance of the Laboratory Staff of the 
Thorndike Memorial Laboratory and of the Burns Assignment They also express 
their giatitiide to the Surgical Staff and the Special Diet Kitchen of the Boston City 
Hospital, without whose cooperation this studj could not haie been made 
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Discussion — Dr Leland S McKittrick (Boston) Doctor Allen asked me if I 
would pmch-hit foi him I feel totally inadequate to discuss any one of these three papers 
Doctor Allen felt, how'ei er, that it might be of some intei est, as a part of this discussion, 
to summarize briefly the results at the Massachusetts General Hospital on the patients 
fiom the Cocoanut Grove disaster When he found he had to leave towm he handed 
me this slip of paper on which w^ere some figures given to him by Dr Olner Cope, 
w'ho had taken a very actne part in all the ivork of this group of patients 

There were 114 casualties brought to the Massachusetts General Hospital in the 
period of about an hour and a half There were a few stragglers after that, but not 
very many Fifty-fiie of those w^ere dead on arrival, and within IS minutes another 
20 died making a total of 7= deaths out of the 1 14 patients Thirty-nme patients 
were admitted for treatment 

The hospital was particularlv w^ell suited to handle a group of this size One 
surgical floor w'as completely evacuated, and these 39 patients were promptly sent 
to this floor 

These burns all followed a piettj uniform pattern — face, hands and trunk were 
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burned It ^^as apparenth a flash-tjpe of bum, and piacticallj all of them had some 
type of pulmonary complications Alany of them had pretty sc^Cle burns of then 
upper respiratory trees There y\as little or no burn shock, possibly because of, oi 
m spite of, the fact that it was a cold night, they wcic all ^\ct, and many of theiii 
had been out in the cold for a matter of 20 01 30 minutes befoic they had armed 
at tire hospital There were no associated injuries of any kind, no fiactuies, no open 
wounds It r\as purely the burn and its associated pioblems 

Doctor Churchiirfelt that this should be an ideal gioup to try a method of 
treatment which he had come to bcliere was well suited to burns of this tvpe There 
was no debridement There was no cleaning A simple boiic ointment dressing 
and pressure were applied to wheierei the bin ns might hare hccii On the faces, 
nothing but the nose and mouth were left open Those who weic not sensituc weio 
given tetanus antitoxin Sodium snlfadia/me rras gireii to all of them In this con- 
nection. it IS interesting to note that the bleb Hind cont lined the same lercl of dia/me as 
did the blood The slough of the deep bums contained oiganisms, but there rras no 
cellulitis, lymphangitis, or Irmphadcnitis 

It rras felt that the isolation of this gioup of patients rras about as complete as 
could be obtained Visitois rrere not allorved Nobody rras allorred on the flooi 
except tliose actively associated rrith tlie care of the patients Even a lot of men 
rrho had spent all night treating bums rreie not allorred to go m and follorr the cases 
Ererybody rvho had to do rvitli the patients was masked and, so ncai as possible, 
the strictest aseptic precautions rvere earned out 

Norv as to tlie results Of the 39 patients, seren died Within the first 12 houis, 
there rvere no deaths The seven deaths occurred from 13 to 62 hours — all of pulmonary 
complications At the end of 42 days, one of the men committed suicide 

There rvere seren patients rvho had from 50 to 70 per cent of their bodies burned, 
and of those seven, four lived Nearly all patients had some degree of pulmonary 
complications, fire requiring tracheotomy Thiee of these died 

As Doctor Whipple said, and as rrould be expected, the second degree bums healed 
very promptly Seventeen of the 39 patients rvere discharged fiom the hospital by 
the end of trvo rveeks 

Nine of the ten patients rrith deep burns required extensire skin grafting All of 
the patients have norv left the hospital 

There rvere trvo or three points rvhich are rvortliy of note Witliout any question, 
rre gave some of these people too much morphine We misunderstood the restlessness 
and the mama of anoxia for pain, and in trvo or three occasions morphine rvas prob- 
ably^ given to a hazardous degree It was the feeling of Doctor Beecher, and, I think 
of all the group, that the barbiturates, m many instances could have been employed 

rvith much greater safety Care must be taken not to give excessire salt, especially 

if normal saline is used to dilute the plasma 

After a revierv of these patients, it rvas our feeling that, for a group of casualties 
such as this, the method of treatment employed had certain definite advantages It 
rvas simple , could be easily applied by less skilled personnel , permitted early application, 
thus minimizing contamination, and did not interfere with the treatment of shock 
or anoxia I think rve rvere all impressed rvith horv quickly they became comfortable 
and horv little medication rvas required to keep them so 

Dr Robert Elman (St Louis) The war and other catastrophies often give a 
ray of light to physicians and investigators, because it stimulates and gives oppor- 
tunity of learning a good deal more about the various injuries and difficulties rvith 

rrhich rve are confronted I think this is important, and Dr, Whipple has emphasized 

the fact that rve are norv learning a great deal more about burns than rve ever did 
before This point should be emphasized because at no time in the treatment of any 
condition should rve ever rest on our laurels and think that the problem is finished 
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lo anyone who has tried to piepare extensive full-thickness third degree burns for 
skin grafting, the problem of nutrition is a very real one, and yet it is frequently 
overlooked The observations of Dr Lund, and his collaborators, have added much 
to our knowledge of the mechanism of the nitrogen loss in these severely burned 
patients, and I hope that their further studies may reveal the cause of this excessive 
loss, so that it may be prevented Until this occurs, howe\er, we must treat this nitro- 
gen loss by increasing tremendously the nitrogen intake with high protein feedings The 
magnitude of this increase is well shown by the high protein diets given their patients 
That they were successful is indicated by the fact that they were able to give one 
of their patients vi one day as much as 500 Gm of protein, a nutritional feat which 
to me could be described as a therapeutic triumph 

It might be mentioned, of course, that an ounce of prevention is often worth a 
pound of cure, and that if one starts the high protein and high caloric intake as early 
as possible after the burn, much of the protein deficiency can be prevented In one 
of our cases, the kodachrome of which is presented herewith, (taken on the 34th day), 
we started our high protein diet within the first week after the burn, m fact, as soon 
as the vomiting stopped This was more than a 40 per cent full-thickness burn and, 
as you can see, the granulating area is free of slough and clean She was treated by rapid 
coagulation with tannic acid and silver nitrate I attribute part of her excellent general 
condition to the fact that she was very fond of chocolate malted milk and ice cream, and 
this was given her practically day and night She probably ingested as much as five 
Gm of protein per kilo per day, although we do not have the exact figures This 
does not reach the recoid established bj' Dr Lund, which is almost ten Gm of protein 
per kilo per day 

Dr Evarts a Graham (St Louis, Mo ) I have nothing very much to add 
to the discussion, except that I wonder if Doctor Lockwood is familiar with the work 
of Doctor Hogan on the use of gelatin, which was published about the year 1912 
Doctor Hogan was a pupil of Di Martin Fisher, who is Professor of Physiology 
at Cincinnati 

This work was done before blood transfusions had reached a practical stage 
It seemed that the promise of gelatin as a medium which could be used in the 
treatment of shock m place of the impractical blood transfusion at that time, might 
answer a very difficult problem which confronted surgeons 

The difficulties which confronted Doctor Hogan, however, were, first of all, 
I think the difficulty in having a gelatin which was nontoxic, but, at any rate, in his 
experimental animals he got results from the use of gelatin which seem to be 
very promising indeed 

Lt Comdr Maurot, M C (Norfolk, Va ) As one member of the burn team 
at Norfolk General Hospital, I have helped to treat all the burns received there 
during the past seven months We have met with all the problems outlined so excellently 
by Doctor Lund During this time, we have tried to combat the hypoproteinemia with 
plasma, and have been unsuccessful We also had difficulty m feeding a sufficiently 
high protein diet to a patient to have their protein reach a point of six to eight 
per cent 

Doctor Lund spoke of hypoproteinemia and also the terrific anemia seen in these 
cases In some cases we have seen a burn case having red blood count of four million 
fall to two and a half million in four days We cannot explain this terrific anemia 
m such a short time We have not seen any cases of jaundice, nor any cases of 
hemoglobinuria, and we have not been able to prove, as some writers have stated, that 
there is an increased fragility of the red blood cells 

There is one point I wish to bring out on skin grafting We attempt to graft our 
burns as soon as possible, if feasible, between the tenth and fourteenth day after the 
initial injury In some of our cases in which the burned area is more than 50 per 
cent, it has been difficult to find areas of skin from which to graft, so we have developed 
the following technic, which, however, is not original, although there is nothing in 
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the hteiatuie upon it We take a section of skin approximately an inch and a half 
wide and three inches long, the full-thickiicss of skin, shave all the fat from the 
' under surface of it, and divide the skin into two portions, giving us two pieces of skin 
approximately three inches long and appioximately thiee-quaiteis of an inch wide We 
then shave the full-thickness grafts, each of which aie about three-quarters of an 
inch wide and appi oxiniateU a thii tj -second of an inch thick The donor area is 
closed by intenupted sutures Fiom a piece of skin of this size, we can obtain 
approximately 200 small pinch grafts, and the donor aica can be sutured, closed, 
and held by primarj means 

In other grafts that we did originally, using Thiersch’s or intermediate-thickness 
giafts, the donoi area will not heal and usualh becomes infected, oi m other words, 
you are meieli “lobbing Peter to paj Paul”— you take skm from the thigh to place on 
the arm, and then the thigh will not heal and 3011 have to graft it 


Dr AiEXANcrR Brunsciiwig (Chicago) We have been interested in gelatin also 
fiom the standpoint of parenteral nitiogenous nutiition It has been possible to main- 
tain dogs in positne nitrogen balance 12 davs or moie with daily injections of gelatin, 
dogs who take little or no piotcm bv mouth It can be used in man, but the real value 
of its use in man, of course, has to be determined There is no question about its 
safeti We have given it in doses of lOO to 150 cc of ten per cent solution daily for 
12 davs, supplementing light diet bv' mouth, without any reactions As much as 300 cc 
of a ten per cent solution of gelatin has been given intravcnouslj', in a short time, to 
patients without reactions We have given it to patients for periods of four to five 
davs, followed by a lest period of 10 to 12 dav'S, and then resumption of injections, 
without observing acquired sensitivity 

In contemplating studies with gelatin, one has to choose the souice There are 
several kinds theie is hog or calfskin gelatin, bone gelatin, and fish swim-bladdei 
gelatin They are made in various ways by different manulactuiers As they come 
from the manufacturci , a ten per cent aqueous solution may gel at room tempeiature, but 
autoclaving for 45 minutes or an hour affords a solution that will not gel until much lovvei 
temperatures are reached (-8° C , or lower) 

I think It offers a verj’’ interesting substance with which to vvoik It is not a 
complete protein, but by supplementing it with the missing amino-acids it may prove 
to be a ver}’’ valuable substance for intravenous feeding It is easily available, very 
cheap, and very easj to handle 


Dr Chari es C Lund (Boston, closing) The caloric intake is very important in 
giving a high protein diet If a high protein diet is given without plenty of carbohydrate, 
some of the protein has to be used for fuel 

During the period of highest protein intake, when this man turned the corner, his 
caloric intake was about 6000 calories per day During fairly long periods of time, 
the intrav'enous amino-acids made up about a third of his nitrogen intake More can 
be used if the veins will stand it In fact, complete nitrogen balance 111 patients, who 
0 not demand as much nitrogen as these patients do, can be achieved by intravenous 
treatment alone There are reactions I think there are reactions with all available kinds 
of amino-acids at present, but thc}’^ are not terribly serious 

I disagree with my friend. Dr Koch, about one point, m his final three-point state- 
men o t e all-important things in burns One of the points was the prevention of 
in ection Now, when you have a burn with deep, extensive, third-degree loss, you 
are going to get colon bacilli and staphylococci in the aiea, no matter what treatment 
Complete prevention of infection is bejond human capabilities at present I think Dr 
oc wi agree with this Therefore, think about how to treat this inevitable infection 
le es program we can offer is to treat the infection indirectly, by supporting the 
L ^ r withstand the infection That is a principle that goes back for 
at Massachusetts General Hospital, in 1897, published a 
paper on The Increased Feeding of Patients with Typhoid Fever ” His results were 
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not spectacular, but the principle was absolutely sound, and his results did show a 
definite improvement 

I am very much interested in Dr Mauiot’s comments, and I hope he will continue' 
his efforts by using the stomach tube Di Whipple has suggested the use of a Aliller- 
Abbott tube 

We used to think one could not undertake grafting until the infection was cleaned 
up in the whole aiea We have started iccenth, putting small Thiersch grafts onto 
granulation tissue as soon as a small area of it is free of slough, in spite of there 
being dying foul-smelling slough veiv closeh adjacent to this area If the patient’s 
nutrition is right, such grafts, completeh suriounded bv infection, with the help of 
1 little sulfanilamide perhaps, will take 
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THEKAPY OF FATAL SHOCK DUE TO REPEATED HEMORRHAGE* 

AN EXPERIMENTAL STUDY 

Robert El^lvn, M D , and Carl E Lischer, M D 

Si Louis, Jklo 

FROM THE DEPARTMENT OF SURCERT M ASHINGTON UMVERSITT MEDICAL SCHOOL, AND BARNES HOSPITAL, 

SAINT LOUIS, MO 

In previous studies from this clinic it v as shown®’ that the ammo- 
acids of hydrolyzed protein are effective as a parenteral method of correcting 
hypoproteinemia of nutritional origin In view of the obvious practical ad- 
vantages of such solutions over plasma, it uas natural to try their possible 
therapeutic value in the acute h}’poproteinemia which follows severe hemor- 
rhage In this communication are described experimental studies on fatal 
shock produced by repeated hemorrhage, m which replacement of the lost 
blood by an amino-acid mixture seemed, to have a beneficial effect A pre- 
liminary note has already been published 

Extensive experiments, of course, have dealt with the production of 
surgical shock by hemorrhage,^®’ man}' by members of this Associa- 
tion How ever, m the present experiments the approach has been, to 

a large extent, biochemical rather than physical or physiologic This deserves 
emphasis, inasmuch, as ammo-acid mixtures can in no leal sense be classed 
as a blood substitute because they lack the colloidal properties of blood plasma 
The value of such injections, if they have value, must depend upon the 
ability of the body to use annno-acids to synthesize plasma proteins lapidly, 
or for nutritive or other metabolic purposes Nevertheless, comparative ex- 
periments w’ere carried out with serum and plasma 

Considerable evidence that protein metabolism is a rapid procedure 
emerges from the important work" wnth isotopic nitrogen Other workers® 
have recently showm that similarly labeled ammo-acids appear m plasma 
proteins within an hour after injection These fundamental studies indicate 
that it IS theoretically possible for injected ammo-acids to be made into plasma 
proteins very rapidly, and thus act as an indirect substitute or supplement to 
plasma Undoubtedly, the liver is the key organ m this process and we shall 
have some evidence to show' that this is the case 

EXPERIMENTAL PROCEDURES 

Because surgical shock involves so many variables, we adopted a method 
w'hich seemed to give a relatively uniform response Instead of basing our 
experiments on the level of hypotension or the amount of hemorrhage, we 
subjected dogs to uniform repeated bleedings (lo cc per kilogram of body 
w'eight each hour) until death ensued, and then used the survival time as the 
basis for measuring the effect of various replacement procedures Systolic 

Aided by a grant from the Commonwealth Fund 
Read before the American Surgical Association, May 13-14, 1943, Cincinnati, Ohio 
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blood piessuie as well as hematocnt and fractional plasma proteins were also 
determined General anesthesia was not used The effect of changes in 
posture was avoided by carrying out the entire experiment while the animal 
was m the supine position 

Unselected mongrel dogs, varying in weight from 7 to 19 kilograms, were 
given water ad hbitmn, but no food during the 18 hours preceding the begin- 
ning of each experiment A cannula was inserted into the femoral artery 
and bleeding carried out as rapidly as possible , the calculated amount usually 
being obtained within a minute or two The systolic blood pressure was le- 
corded before and after each hemorihage with a Tycos manometer'^ connected 
to the same cannula used for bleeding For hematocrit and fractional plasma 
piotem determinations, samples of heparinized venous blood were taken 
immediately preceding each hemorrhage The foimer was measured after 
centrifugahzation at 3000 R P M for 30 minutes Supernatant plasma was 
drawn off , the nonprotein nitrogen estimated by nesslenzation, fractionation 
carried out,^ and nitrogen detei mined by a Kjeldahl procedure”® 

The theiapeutic value of the various solutions tested was compared by 
using them to replace the blood removed after each hemorrhage The fluids 
for replacement were sterile, but no attempt at complete asepsis was made 
during the experiment because of its short duration The injections were 
rapid and followed immediately each bleeding, the volume being exactly equal 
to the volume of blood lemoved In most experiments the fluids were injected 
into the femoral artery through the same cannula used for bleeding, but in a 
few groups the fluid was introduced into the adjacent femoral vein 

Seven groups of experiments were earned out as follows 

Table I 



No of Dogs 

Replacement Fluid 

Group I 

10 

None 

Group II 

20 

10% glucose in normal saline solution 

Group III 

6 

Pure amino acids S% glucose in normal saline 5% 

Group IV 

20 

Protein hydrolysate S% glucose in normal saline S% 

Group V 

10 

Dog serum diluted with an equal quantity of 10% glucose 
in normal saline 

Group VI 

10 

Curated dog plasma diluted with an equal quantity of 
10% glucose in normal saline 

Group VII 

10 

Heparinized dog plasma diluted with an equal quantity 


of 10% glucose m normal saline 

The protein hydrolysate* was an enzymatic digest of casein (Amigen) or 
beef serum No difference was observed in the results with these two hy- 
drolysates The pure amino-acidsf consisted entirely of essential ammo- 
acids^^ Both solutions were neutralized with sodium hydroxide to a pu 
of 6 5 to 7 5 The nitrogen content of the two was similar, le , 066 and o 63 
gm per cent, respectively Serum was obtained by centrifuging clotted dog 
blood, m some cases it was fresh and in others it had been stored for two 
weeks at freezing temperatures before separation , no obvious difference was 

* Supplied through the courtesy of Dr Warren M Cox, of Mead Johnson and Co 
t Supplied through the courtesy of Dr D F Robertson, of Merck and Co 
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observed in the efiects of these two methods of piepaiation The citiated 
plasma contained about o6 gm pei cent ol sodium citiate To obtain the 
hepaiimzed plasma one-half cubic centimetei of liepaim solution (Lederle) 
vas added to each looo cc of ^^hole dog blood 

It should be pointed out that dilution of i\hole plasma and seium was 
necessary, so that the actual amount of plasma piotem replaced was roughly 
the same as that removed An equal amount of diluting fluid was used be- 
cause the average red cell volume \\ as 50 pei cent Constancy of the plasma 
proteins was insured by using pooled plasma fiom many dogs 

At the termination of each expeiiment a micioscopic section was made of 
the liver In a separate senes of six dogs, a biopsy of the hvei was lemoved 
under nembutal anesthesia tvo houis befoie the initial bleeding and at death 
In three of them glucose vas used as leplacement, and in the othei thiee 
hydrolyzed piotem 
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Fig 1 — Surwal Times in the Seven Groups of Experiments 
Described in the Text S D = Standard dciiation, calculated ac 
cording to usual statistical formulae Note that replacement a\itli 
heparinized plasma and a protein hydrol>sate gaae the longest sur 
vival time, and the relativelj poor showing with serum and citrated 
plasma 


EXPERIMENTAL RESULTS 

The first observation of interest was that lemoval by lepeated bleedings 
of an average of but 43 cc pei kilo of blood led to an invaiiably fatal out- 
come, by contrast, sui vival is frequent when the same amount of blood is 
removed in a single hemorrhage This has been the expeiience of othei 
observers and we have pei formed single hemoirhages of this magnitude with 
a mortality of but 20 per cent^ Clinical observations aie similai, in that 
patients often survive a single bleeding, but aie apt to succumb aftei suli- 
sequent though smaller ones This is especially tine of wai wounds, for 
even if there has only been a single initial hemoirhage, fuither bleeding is 
sure to occui during debridement 

Swvival Time — Of greater impoitance was the observation (Fig 
i) that replacement with 10 per cent glucose in normal phj'^siologic 
saline had no influence on the sui vival time, in contrast to the results with 
the solution containing hydrolyzed piotem, in which the survival time was 
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5 I hours, as compared with 36 horns for the contiols The experiments 
with puie amino-acids were only six in number, but the results (survival time 
= 42 hours) were only somewhat better than with glucose (survival time 
= 36 hours), indicating that the gi eater effect of the hydrolyzed protein on 
survival time could not have been due to the mere presence of amino-acids 
pe} se 

Of special significance were the comparable experiments m which serum, 
citrated plasma and heparinized plasma were used for replacement The first 
two fluids produced no greater survival time than was obtained with the 



Tig 2 — Blood Pressure Response The cur\es were drawn from mean \alues in groups of dogs 
surviving at least three or four hours but does not include the terminal fall The curte in which 
there was no replacement is sliown in all of the above three graphs 

A Note pionounced fall during intravenous replacement with glucose as compared with hjdro 
lyzed protein 

B With intra arterial replacement the difference noted in A is the same, but not as pronounced 
C Note the precipitate early fall with citrated plasma Serum showed the same though some 

what delayed drop Heparinized plasma, after two hours maiiKained a good level of pressure 


hydrolyzed protein The heparinized plasma, on the other hand, resulted in 
the longest survival time (six hours) 

Of some interest is the fact that no differences weie observed in the sur- 
vival time between experiments in which the fluid was replaced intravenously 
as compared with those m which they were injected mtra-arterially This 
topic has been the subject of previous investigations 

Blood Piesstire Response — A progressive fall m blood pressure was ob- 
served m each group of experiments as shown in Figure 2 In gen- 
eral, the behavior of the blood pressure was somewhat variable, an observa- 
tion made by others In many instances the drop after each hemorrhage was 
pronounced but recovery good, whereas, in others the blood pressure was 

That this difference is statistically significant is shown by dividing the difference 
of the means by the standard deviation of the difference When the figure thus obtained 
IS used in consulting statistical tables, it becomes a certainty that this difference is not 
a chance phenomenon 
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maintained rather well but then diopped abruptly before death Neveithe- 
less, the average values obtained in similar groups of expeimients show sig- 
nificant variations which in most instances can be-coii elated with the suivival 
time For example, the gieatest blood pressure diop was exhibited by the 
dogs m wdnch citrated plasma w^as used, whereas, wuth the hepaiinized plasma 
the blood pressuie w^as sustained after a diop m the fiist tw'o houis Moie- 
over, the hydrol3zed piotem w^as follow'ed by a definitely liighei blood pies- 
sure than similai experiments wuth ten pei cent glucose, particularly wdien 
replacement was intravenous lather than intra-aiteiial Quite surprising 
was the fairly good blood pressure, until the teimmal fall, in dogs bled with 
no replacement 

Red Cell Volume and Plasma P}Ofeins — A progressive fall m red cell 
volume, plasma albumin, and globulin w'as obsen^ed m all experiments, al- 
though there w^ere definite and significant diffeiences between the different 
groups For purposes of simplification, presentation of this data is limited 
to that showm in Table II Therein are figures lepresenting the obseivations 
made three houis after the beginning of the expeiiment, i c , after each animal 
had lost 30 cc per kilo, and just before the fourth hemorrhage w'as earned 
out The numbeis refer to the fall in value expiessed as a percentage of the 
initial determination For example, the expeiiments in w'hich puie amino- 
acids w'ere used for replacement at thiee hours show^ed a diop in hematocrit 
fo q8 per cent, m albumin to 83 per cent and globulin to 88 pei cent of the 
initial value 

T\BLr II 



Hematocrit 

Albumin 

Globulin 

Pure ammo acids 

98 

83 

88 

No replacement 

94 

90 

94 

Hydrolyzed protein 

88 

81 

75 

Glucose 

83 

74 

71 

Heparinized plasma 

79 

83 

81 

Citrated plasma 

75 

77 

79 

Serum 

85 

85 

94 


The importance of this data on plasma proteins and red cell volume lies 
in the fact that they measure the factors influencing fluid shift and colloidal 
osmotic pressure, which, as discussed in a pievious paper,’’ control these com- 
pensatory mechanisms following hemonhage In other wmrds, lestoration 
of blood volume from extracellular fluid (hemodilution) is indicated by the 
fall in the hematocrit, while the addition of the two plasma proteins to this 
diluting fluid, particularly albumin, wdnch contributes 85 per cent of the 
colloidal osmotic pressure of the blood, is indicated by the comparative 
changes in their relative concentrations 

Pathology At autopsy, the bloodless condition of the tissues was a uni- 
foim finding The viscera were pale and in no instance w’^as any engorge- 
ment or congestion of the intestines observed Stud}'’ of microscopic sections 
of the liver were of greatest- interest and showed in general a shrinking or 
diminution of stainable cytoplasm This w'as less pionounced in the dogs 
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receiving hydiolyzed piotein as compaied with those getting glucose as re- 
placement (Figs 4, 5 and 6) The significance of these findings is discussed 
later on 

Fio 3 



Fig 4 

Fig 3 — Photomicrographs (x 570) before and after a severe hemorrhage The patient 
was a 14 year old female a splenectomy carried out The section at the left shows the 
condition of the liv er as revealed in a biopsy taken at this time The section at the 
right IS the autopsy specimen removed 6 hours later, death being due to t large mtra 
abdominal hemorrhage Note the atrophy the liver cords on the right indicating a 
depletion of hepatic c>topHsm The sinusoids are correspondingl> dilated 

Fig 4 — Photomicrographs (x 570) of liver sections obtained at autopsj in fatal 
experimental hemorrhages in dogs In the left the bled blood had been replaced bv a 
solution containing hydrolyzed protein, on the right bj glucose Note the loss of 
stainable hepatic cytoplasm (vacuolization) on the right as compared with the rela 
tively normal liver cords on the left 

Comment — Two features of the present experiments should be empha- 
sized First, general anesthesia was not used, thus, as pointed out previ- 
ously,® eliminating certain complicating factors in the normal response to 
hemorrhage Second, a fatal outcome was invariable in each experiment with- 
out altering the details of the procedure, thus avoiding any subjective influ- 
ence on observations 
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The results with serum and plasma leplacement have an immediate piac- 
tical bearing on the use of these fluids m the treatment of human surgical 
shock The poor showing of citiated as compared with heparinized plasma is 
obvious on comparing the blood piessure response as well as the survival 
time This confirms experiments pei formed by others The fact that 
citrated plasma produced changes in led cell volume and in plasma proteins 
which were similar to those with heparinized plasma (Table II) suggests that 
citrated plasma was just as effective in controlling fluid shifts and colloidal 
osmotic pressure It uould seem, therefoie, that a toxic effect of sodium 
citrate may have been responsible That seiuin was no better than citrated 
plasma is more difficult to explain, although there is some evidence that 
serum, under certain conditions at least, is toxic when used instead of 
plasma^® Serum, moreover, behaved unlike plasma in that the changes in 
hematocrit and plasma protein were somewhat different as indicated by the 
findings m Table II For example, the albumin fell moie than the globulin, 
suggesting some loss of this fraction fiom the circulation In expeiiments by 
others,^^ serum ivas also found to be inferior to heparinized plasma, in re- 
placement of large single hemorrhages in the dog Fuither study of the effect 
of serum injections seems necessary 

As to the beneficial effects of h} drolyzed protein on survival time and on 
blood pressure, the most obvious explanation is that they were utilized m the 
synthesis of serum albumin, thus enabling the body to withstand the effects 
of further hemorrhages Study of the hematocrit and plasma protein deter- 
minations does seem to justify such an inference Thus, perusal of Table II 
shows a slight but definite difference in the behavior of albumin and globulin 
It will be noted that the fall in albumin was relatwely less (as compared with 
the globulin) in the experiments in which hydrolyzed protein as compared 
with those in which glucose was injected This suggests that more albumin 
was added to the diluting fluid m the experiments in which hydrolyzed pro- 
tein was used 

A contrasting result on red cell volume and plasma proteins is apparent 
in the experiments in which pure ammo-acids were used and the ones in 
which no replacement was carried out In both of these groups there was 
very little hemodilution, which means but slight restoration of blood volume 
For this reason, the relatively slight fall in protein was of little significance 
as far as restoration of lost plasma proteins is concerned Yet the albumin 
dropped much more than the globulin, indicating loss rather than addition 
of albumin to the circulating blood during the rather insignificant inflow of 
fluid In other words, the compensatory mechanisms controlling fluid shifts 
seemed less active than in the other expei iments Why the pure amino-acids 
proved less effective than the hydrolyzed protein is probably due to the fact 
that they differed significantly in composition from the latter in that they con- 
tained no polypeptides and only the essential ammo-acids, most of which were 
synthetic and, therefore, available only as racemic mixtures Because of the 
last factor, a majority of the amino-acids were present m the unnatural form, 
which are probably biologically ineffective 
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In evaluating the results with h3’’drolyzed piotein, the biopsy studies of the 
liver are of considerable interest In general, they show changes indicating 
that the liver contained a higher protein content m the experiments with 


Fig s 



Fig 6 


Fig s — Photomicrographs (x S7o) of liver sections before and after repeated hemor 
rhages , replacement with glucose This experiment differs from the others in that nem 
butal anesthesia had to be given to get the control biopsj Nevertheless note the atrophj 
of the liver cords as well as \acuolization of the cytoplasm on the right as compared ivitb 
the control on the left Ihis change is to be contrasted with Text Fig 6 m which 
hydrolyzed protein was used for replacement 

Fig 6 — Photomicrographs (x 570) of liver sections before and after repeated hemor 
rhage, replacement with solution containing hjdrolyzed protein Note the relatiie absence 
of atrophy and vacuolization on the right as compared with the changes observed in 
Text Fig 5 

hydrolyzed protein than in those with glucose (Figs 5 and 6) This inter- 
pretation IS based upon many previous studies in which the amount of protein 
in the liver seemed to be correlated with the stainable protoplasm 
Corroborative, are other observations^® in which stained droplets m the liver 
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apparently protein in nature, disappeared following expel iniental hemorrhage 
Moreover, we have obsen^ed, in a human, what seems to be a loss of hepatic 
cytoplasm as a result of a fatal hemorrhage (Fig 4) Further studies, how- 
ever, will be necessary before this con elation rests on more secure foundations 
That the speed of the intravenous injection has some influence on the re- 
sults also seems evident Thus, many of the experiments desciibed herein 
vere repeated, giving the replacement fluid slowly by intravenous drip ovei 
the course of the houi between hemorihages instead of lapidly following each 
bleeding The results v ere remarkably similar to those reported above, with 
the exception of glucose and heparinized plasma, which resulted in a slightly 
longer mean survival time when given slowly intravenously That the manner 
of replacement has an important influence was also noted in a report‘d of 
shock induced in dogs by the tourniquet method , while fatalities were suc- 
cessfully combated by repeated small plasma transfusions, the slov injection 
of plasma for 30 to 50 minutes following release of the tourniquet resulted 
m shock and death, although the total amount of plasma given to the two 
groups vas the same Reasons for this diflFerence were not found on analysis 
of the data on hematocrit, plasma protein, hemoglobin and blood volume 
A comment should be made in regard to ammo-acid mixtures made by 
hydrolyzing protein, i e , (iny protein may be hydrolyzed to any degree The 
product used herein was hydrolyzed to about 70 per cent of completion , in 
other words, 30 per cent of the protein molecule was still in the form of 
ammo-acid aggregates or small polypeptides The larger these aggregates 
the more they approach the properties of protein and the more likely they 
are to possess colloidal properties These considerations may eventually 
prove of practical importance, inasmuch as slightly hydrolyzed proteins may 
be of sufificient molecular size to exhibit the properties of plasma proteins and 
yet may have lost anv anaphylactic or antigenic properties possessed by the 
intact molecule Moreover, no one knows how small the hydi olyzed protein 
molecule must be before it can be utilized as such by the body in the synthesis 
of other proteins or for other metabolic needs Further investigation would 
seem to be worth while 

Certain additional clinical implications may be drawn from the present 
data Hemorrhage, in many instances, will be accompanied by considerable 
trauma Whether this be the result of an accident or a planned operative 
procedure, there is an increased nitrogen loss indicating excessive tissue pro- 
tein breakdown ^ When there is acute loss of protein, as in hemorrhage, the 
body stores will attempt to replenish this loss at their own expense, thus add- 
ing to the depletion of tissue protein To replace protein lost from the circulat- 
ing blood IS a simple problem and can be accomplished directly with whole 
blood or plasma On the other hand, correction of tissue protein depletion is 
easier and more direct with amino-acids than with plasma, even when large 
amounts of the latter are given Thus, m the severely wounded or severely 
depleted individual nitrogen metabolism can be restored to normal more readily 
ly using protein hydrolysates, thus, accelerating recovery Moreovei, if whole 
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blood 01 plasma is not available it would seem that protein hydrolysate is 
preferable to the use of ordinary crystalloid in the treatment of shock due to 
hemorrhage 


SUMMARY 

Fatal surgical shock m unanesthetized dogs followed bleeding ten cubic 
centimeters per kilo of body weight, every hour, the mean survival time being 
3 6 houi s There was a progressive fall in blood pressure, in red cell volume, 
and 111 plasma albumin and globulin m all experiments If the bood removed 
each time was immediately replaced by the same volume of various solutions, 
significant differences were observed as follows 

The survival time was unchanged with glucose in saline, increased to 4 2 
houis with pure ammo-acids, to 5 15 with hydrolyzed protein With citrated 
plasma or serum survival time was but 45 and 46 hours, whereas with 
heparinized plasma it w^as 6 o hours 

The fall in blood pressure was greater with citrated plasma and serum 
than with heparinized plasma, w'hereas, hydrolyzed protein produced less 
hypotension than glucose 

Study of the changes m red cell volume and m plasma proteins gives some 
indication that the amino-acids of h)'drolyzed protein were converted into 
plasma albumin Histologic study of the liver suggests that protein is lost 
from the hepatic cytoplasm in hemorrhage, and that injecting hydrolyzed pro- 
tein replenishes this loss, as compared wnth experiments in which glucose was 
used 

It may be inferred that in shock due to repeated hemorrhage a solution 
containing the amino-acids and peptides of hydrolyzed protein has a beneficial 
influence as compared with glucose and that heparinized is far superior to 
citrated plasma Various implications of the problem of shock from repeated 
hemorrhage are discussed 
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Discussion — Dr Robert Elman (St Louis, Mo) The geneial phenomenon of 
plasma protein legeneration, particularly^ by dietaiy means, has, of course, been 
extensively studied, especially bv the Rocliestti School, undei Doctois George Whipple 
and S C Madden What we have shown, I believe, is that this regeneration occurs 
rapidly enough after repeated acute blood loss to have a beneficial effect, provided a 
proper mixture of amino-acids is injected Such solutions may, theiefore, have a place 
in the treatment of shock, insofar, as tliey^ can be tiansforiiicd into plasma proteins, 
thus enabling the body to withstand fuither loss of blood, which might otherwise prove 
fatal This mav at least spare the need for much of the plasma which would be required 
after the initial hemorrhage 

I would like to pursue the biochemical point of view a little fuithei It seems 
clear that much of tlie problem 111 the tieatment of shock following heniorrhage con- 
cerns the need for rapid restoration of plasma proteins lost 111 the bleeding Now 
plenty of fluid is available 111 the body to restore blood volume spontaneously, actually 
about 20 liters are normally present 111 the exti acellular spaces of an average-sized 
adult, and it is quickly mobilized after hemorrhage Unfortunately, however, this fluid 
contains practically no protein and this is the reason why its compensatory effect is 
inadequate True enough, plasma proteins aie regenerated eventually, but without 
outside aid, this requires days instead of hours Now, if a soldiei dies after a total 
loss of two liters of blood, one could explain the fatality by' saying that the patient 
urgently needed 60 gm of plasma protein , and that the inability of the body to 
supply it may' be described by a well known phrase — “too little and too late ” Yet, 
consider how strange this is Sixty gm of protein needed in the blood stream, while 
kilograms of tissue protein are present everywhere, without being used Well might 
one quote the words of the Ancient Mariner “Water, water everywhere, nor any 
drop to drink” According to this line of reasoning experimental studies aiming to 
find means to supplement or supplant the use of plasma might well be directed toward 
the possibility of accelerating endogenous plasma protein replacement Indeed, it 
may not be too farfetched to look forward to such acceleration from the tremendous 
tissue protein stores by merely injecting appropriate enzymes or catalysts 


Dr Lester R Dragstedt (Chicago) This paper by Doctors Elman and Lischer 
presents a number of interesting and puzzling facts I should have anticipated 
that a single massive hemorrhage would be more apt to be fatal than the gradual 
loss of the same amount of blood because of the time for the compensatory mechanism 
to become active in the former case I should like to know if the authors have any 
explanation for this contrary finding 

The better results from the use of pi olein hy'diolysales as coinpaied with glucose. 
It seems to me is very likely to be explained as they have suggested, by the formation 
of plasma proteins from the amino-acids supplied It means a much more rapid manu- 
facture of proteins from ammo-acids than I would have believed possible 

I wonder if a possible explanation could be that in the presence of this massive 
emorrhage protein reserves have been called out from the tissues and that the ammo- 

acids supplied have furnished material foi the more gradual replenishment of the tissue 
proteins 
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The superiority of heparinized plasma as compared with citrated plasma I think is 
of great and practical importance, now that large transfusions are being administered 
It seems likely to me that it can be explained on the basis of the toxicity of citrate 
In a recent experience in our clinic, a very large amount of citrated blood was 
given a patient upon whom I had performed a total colectomy for chronic ulcerative 
colitis The patient was a young man He died on the fifth postoperative day from 
a cerebral thrombosis No studies were made of the coagulability of the blood in this 
patient, but I have since speculated on the possibility that the large amount of citrate 
given may have increased the coagulability of the blood to a dangerous degree 

This paradoxical effect of citrate tit vivo was noted by the early workers on blood 
transfusion, and I believ'e they called attention to its possible danger 

I should like to ask the authors if they observed any evidence of intravascular 
coagulation when they gave these large amounts of citrated plasma? 


Dr Charles C Lund (Boston) This strikes me as a v'cry important piece of 
work, and I agree with Dr Dragstedt that the findings are not exactly what one would 
have predicted, particularly in this matter of repeated hemorrhage being more serious 
than the single hemorihage 

My experience with ammo-acid therapy is very recent and is connected with burns 
rather than with hemorrhage 

If the action of amino-acids in helping to regenerate tissue — that is, regeneiate 
plasma protein — is as rapid as is shown here, which means a matter of hours rather 
than of days, it may be possible to replace some of the large amounts of human plasma 
that are used m treating burns by amino-acids That will be a very important thing 
in many ways 

In a hospital such as the Boston Cit>, and others that I know about, that have 
fair numbers of patients coming in with burns, the burn cases are the ones that tend 
to keep or to produce insolvency in blood banks Many burn patients, of course, 
in spite of large amounts of plasma die Many burn patients have few or no friends, 
and It is not at all unusual to use up ten or fifteen or twenty units of plasma on a 
burn case and not have any of them returned to the bank 

Of course, Dr Elman’s experiment has not been carried over from hemorrhage 
shock into burn shock, but it would seem logical that it might work in burn shock, 
and would solve this and probably a great many other problems connected with the 
treatment of burns, shock, and hemorrhage, perhaps in a fairly short time Although 
at present the supply of available injectable ammo-acids is so short that it is more 
difficult to get hold of them than it is to obtain plasma, the time may come when we 
will not have to bleed quite so many million people for plasma supplies, by using ammo- 
acids produced in factories from milk or, as time goes on, other sources of protein 


Dr Carl E Lischfr (St Louis, closing) The answer to Dr Dragstedt’s ques- 
tion, as to why the repeated hemorrhage of the same amount is more fatal than a single 
hemorrhage, we do not know, although it seems to us at times that possibly the repeated 
injury to the vasomotor system is a factor After a single hemorrhage the organism 
IS allowed to recover without any further interference, if he does recover, but when 
you bleed the dog repeatedly, although the total amount is the same, each time he gets 
into the recovery phase you hit him again I do not know whether that has anything 
to do with It or not, but it might 

As far as the difference in clotting in these dogs, there was a vast difference between 
the dogs that received citrated plasma and those that received heparinized plasma 
With those receiving heparnized plasma, it was like turning on a water spigot With 
those receiving citrated plasma, after two or three hemorrhages it became difficult at 
times to get the blood to flow freely, and frequently there were clots and the cannula 
had to be removed and cleaned before the hemorrhage could be obtained 

In reeard to the tissue regeneration or the regeneration of proteins, there has been 
some work indicating that the amount of protein for example in the liver can be 
correlated with the stainable cvtoplasm This is more of an idea than an established 
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fact, because it requires more stud}’’, and it is a study in itself, but the liver sections 
of the dogs that received the protein hydrolysates were, on the whole, bettei than those 
getting glucose, as far as stainable cytoplasm is concerned 

Doctor Lund brought up an interesting point in relation to burns We have tried 
ammo-acids in burn shock in dogs, without any immediate benefit apparently, but we 
do feel that if the original or initial shock in burns is controlled by replacement 
therapy with plasma, that the ammo-acids aie at the present time, even without further 
work, very valuable m helping to return tliat patient to a state of normal metabolism 
during the convalescence and, thus, will greatly accelerate the convalescence while he 
IS losing so much nitrogen, for so many days, following a burn 
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AN EXPERIMENTAL STUDY INCLUDING EVIDENCE AGAINST 
THE CAPILLARY LEAKAGE HYPOTHESIS 

Jacob Fine, M D , Arnold M Seligman, M D , and Hoavard A 

Frank, M D 

Bosrov, Mass 

FROM Tlir SURGICAL RESFARCH DEPARTMENT, BETH ISRAEL HOSPITAL, AND THE DEPARTMENT OE SURGPRY 

HARVARD MEDICAL SCHOOL, BOSTON, MASS 

Traui^iaiic shock is a stale of vasciilai collapse which develops undei 
such a wide vaiiet}' of ciicumstances that some obseiveis legaid this condi- 
tion as divisilile into vaiious types accoiding to the etiologic agent involved 
Thus, some of the clinical manifestations of bum shock are not seen in the 
shock of coronal y thrombosis or of overwhelming infection There is, 
indeed, some disci epancy in the objective findings in tlie blood chemistry, the 
hemodynamics, the intia- vosus extravascular fluid and electrolyte balance, 
and in the therapeutic response to diugs and fluids Moieover, there is 
no unanimity even in lespect to the moibid anatomy of traumatic shock, 
for while one observer adduces evidence of wet oi hemoiihagic tissues, an- 
other will describe a diy, ischemic state of the tissues 

It IS, nevei theless, possible to find common agreement on ceitain basic 
issues When traumatic shock, legardless of cause, exists, it is now agieed 
that (i) the cardiac output is greatly diminished, (2) the velocity of flow 
through the peripheral vascular bed is reduced, (3) acid metabolites are 
present in increased concentration in the blood , (4) the blood carbon dioxide 
concentration is usually diminished, (5) the venous oxygen concentration is 
much reduced, while the arterial oxygen concenti ation may be normal or 
slightly reduced, (6) the volume of A'enous letuin to the heart is 1 educed, 
and (7) the blood pressure eventually falls These phenomena are all 
invariably present in any and all types, if there are types, of tiaumatic shock 
The focal point of the functional disturbance is in the peripheial vascular bed 
It IS, theiefore, not sui prising that mine excretion is diminished, that oxygen 
consumption is loweied, that the body surface is ischemic and shows evi- 
dence of sympathetic neive dominance 

The foregoing phenomena aie inevitable consequences of a ciitically de- 
pleted plasma volume That such a deficiency exists in most cases of shock 
IS certain But it has also been shown that shock can exist in the absence 
of a demonstrable deficiency of plasma volume There is, therefore, justi- 
fication for assuming that plasma volume deficiency is not the sole etiology 
of secondary shock, and that in certain circumstances, to which we shall 1 eturn 
later, additional blood 01 plasma is not the essential need In the more 

* Read before the American Surgical Association, Cincinnati, Ohio, May 13-14, 1943 
The work described in this paper was done under a contract, recommended by tlie 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and Harvard University 
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common conditions, wheie a deficiency may be assumed to exist, the adequate 
and eaily replacement of the plasma deficiency will lestoie the oigamsm, 
but not if the shock state has posisfed jo) wmc hme, even m such a lelatively 
simple situation as shock following hemoirhage The popular explanation 
for this failure is that the replaced blood oi plasma fails to remain m the 
blood stream, owing to damage to the capillaiy walls 

Direct evidence for the existence of capillaiy damage outside of aieas 
of injury is meager and unconvincing Capillary damage is seen in the 
hemorrhagic intestine, in the petechial hemorrhages in the lung and brain or 
burn shock,^ and in the adienal coitex in a variety of conditions culminating 
in shock These changes are not seen in all types of shock, noi do they 
signify the existence of a generalized increase in capillary permeability 
Nevertheless," since a large plasma loss may occiii through capillaries, which 
seem intact microscopically, and since such a plasma loss, if uniformly 
distributed, may exist without producing overtly wet tissues, it becomes 
necessary to determine the validity of the capillaiy leakage hypothesis by less 
equivocal technic than have been utilized heretofoie 

This report deals, among other things, with a study of the capillaiy 
leakage hypothesis in shock by a technic involving tlie use of radioactively- 
tagged plasma proteins* We shall present evidence (i) invalidating the 
theory of leakage due to a generalized increase m capillary permeability, 
and ( 2 ) other data which indicate that the peripheral vascular collapse is a 
state of progressively increasing stagnation of the blood in the capillary bed 
leading to deterioration of tissue function 

CAPILLARY LEAKAGE IN HEMORRHAGIC, TOURNIQUET AND BURN SHOCK 

Method By tagging the plasma protein molecule with a i adioactive ele- 
ment, and introducing such plasma protein into the blood stream, an un- 
mistakable label IS provided by which to identify the movement of plasma 
proteins In order to obtain as physiological a pieparation as possible, 
radioactive cystine was synthesized from radioactive sulfur (8o-day half- 

* The capillary leakage hypothesis assumes that plasma (or some of its con- 
stituents) escapes from the general capillary bed at a greater than normal rate and 
that It fails to return to the circulation as fast as it leaves, resulting in a net gam of 
plasma to tissues outside of localized areas of injury Since the net loss of the non- 
protein fraction of plasma without a simultaneous net loss of some protein from the 
circulation will not produce shock (except in the case of shock from extreme and 
rapid dehydration), a determination of the presence or absence of a net gam of plasma 
protein to the extravascular portion of the tissues outside of areas of injury should 
decide whether or not this hypothesis is tenable (See further discussion under section 
on Burn Shock) In the subsequent discussion, therefore, while the data obtained refers 
only to protein shifts, we shall not distinguish between plasma protein loss and whole 
plasma loss when referring to the concept of leakage due to a generalized increase 111 
capillary permeability For the purpose at hand, it is not so necessary to demonstrate 
the existence of an increase in capillary permeability as it is to observe the conse- 
quences of such an increase 
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life) and fed to plasma protein-deficient dogs, which incorporated the cystine 
into their own plasma proteins Plasma protein removed from these dogs 
was then administered to normal dogs and to dogs shocked by hemorrhage, 
and Its rate of escape from the circulation determined The number oi 
experiments possible was limited by the scarcity of radioactive sulfur and 
by the very considerable problem involved in obtaining an adequate amount 
of radiosulf-plasma protein As a substitute for the latter, radioactive 

bromine (34-hour half-life) or iodine (8-day half-life), coupled directly with 
plasma protein, was utilized Although radioiodoprotein and radiobromo- 
protein, so prepared, is denatured, the amount of iodine or bromine incor- 
porated into the protein molecule was minimal and provided a tagged sub- 
stance whose disappearance rate from the blood in normal dogs was close 
enough to that of radiosulfprotem to justify its use as a reliable modality 
for the problem at hand ® 

In addition to cur\'es of disappearance from the circulation of radioiodo- 
and bromoprotein, the tissue content of radioactive protein was determined 
simultaneously This is necessary because it is not possible to calculate whole 
plasma loss from blood disappearance curve unless the plasma volume is 
known with certainty Since all methods of measuring plasma volume, which 
depend on dilution of a dye or tagged substance, measure only circulating 
plasma, reliable calculations of plasma loss are not possible by such technics 
under all circumstances, especially during the shock state The diiect 
determination of the protein which has actually left the circulation, by 
analysis of the tissue content of radioactive protein, constitutes a method 
independent of plasma volume measurements This method also provides a 
means of determining whether or not a preferential leakage into certain 
areas occurs 

The radioactivity due to intravascular radioactive plasma protein was 
subtracted from the total tissue radioactivity in order to calculate the extra- 
vascular plasma protein The intravascular plasma content of tissues (and 
Its radioactivity) was calculated fiom the red cell content of each tissue, 
as determined by hemoglobin measurements (see below) and the esti- 
mated®’ '' capillary hematocrit Whenever possible, dogs were exsan- 
guinated at the end of the experiment to reduce the intravascular content of 
blood in the tissues to a minimum 

In each experiment an unshocked dog served as the control and the dose 
of radioactive protein injected was generally in proportion to body weight 
The amount of protein injected was never sufficient to alter plasma volume 
significantly The time from injection to the end of the experiment was 
the same in both control and shocked dogs The latter received the radio- 
active protein before or after shock was induced Graded hemorrhage, a 
bum, or a tourniquet® was used to produce shock Except for five early 
experiments under intravenous sodium barbital, no anesthesia, except 
novocain for local incisions, was used, but morphine was gnen to all dogs 
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Fig I — Experiment B — IJ The increased slope of both radioactivity curves 
for Dogs Si and Ss as compared to that of Dog C, immediately after bleeding 
IS probably due to dilution by mobilized extravascular fluid Their subseqi eiit 
parallel course indicates that the shocked dogs did not lose radioactive pro ein 
froni the plasma at a greater rate than the control dog There is no diflerence 
in the disappearance curves between the dog in deep shock (Sa, probably irre 
jversible) and the dog in less severe shock (Si, probably reversible) (Repro 
Iduced uith the perm ssvon of the Journal of Clinical Investigation) 

at the beginning of each experiment The burns weie produced under 
ether by immersion m water at 98” C for varying periods 

No therapy for shock was given, except in the late shock phase of 
some experiments, when intravenous fluids were injected to see whether an 
increase in capillary permeability, which may have developed during this 
phase, could be made manifest by flooding the circulation wnth a sufficiency 
of fluids to allow excessive leakage, if this w'ere possible 
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Some fouiteen experiments ^eie peifoimed, most of which included tissue 
analyses for lost plasma protein The full account of the technics and cal- 
culations involved in these procedures is published elsewhere ® 

RESULTS 

A HEMORRHAGIC SHOCK 

The detailed lesults of seven experiments with radiobromoprotein will 
not be analyzed here since they are available in a recent publication ^ It 
will be sufficient to leproduce our experience m a typical experiment 

Eipe} No B-li Three moiphmized dogs, C (control), Si (to be bled 
into reversible shock), and So (to be bled into irreversible shock), were 
given radioactive plasma protein intravenously m protein to their bod> 
weight Dogs Si and So weie then bled into shock The blood pressure 
was followed and blood samples weie taken at varying intervals until Dog 
S2 died At this time Dogs C and S] were exsanguinated and samples of 
different tissues (Table I) from all three dogs were taken for analj'sis of 

Table I 

RATIO or TISSUE RADIO ACTIVITY Or SHOCKED DOGS TO COTNROL DOG* 

Cxpcrtmenl B — il 



Dog Si 

Dog So 

Tissue 

Per Cent 

Per Cent 

Liver 

59 

99 

Lung 

no 

91 

Kidney 

185 

125 

Stomacli 

67 

83 

ileum 

66 

68 

Colon 

67 

56 

Skin (thorax) 

215 

235 

Skin (back) 

130 

no 

Heart 

130 

135 

Muscle (foreleg) 

no 

SB 

Muscle (spinal) 

89 

88 


■*' A ratio of 100 per cent indicates equal radioactivity per gram of tissue m control 
and shocked dogs Less or more than 100 per cent signifies a lower or higher radio- 
activity per gram of tissue in the shocked dog 

Ratios vaiying betiveen 75 and 125 per cent are considered within tlie limits of 
experimental error in the experiments with radiobromoprotein See footnote on 
page 244 

intravascular and extravascular radiobromoprotein content The disappear- 
ance of radioactive bromoprotem from the blood is charted in Figure i in 
terms of (a) radioactivity per cubic centimeter of circulating plasma, and 
(b) total circulating radioactivity in pei cent of the original amount injected 
The latter is calculated as the product of the determined plasma volume and 
the unit radioactivity The slope of both curves for Dogs Si and S2 im- 
mediately after bleeding shows an increase as compared to Dog C, probably 
due to dilution by mobilization of extravascular fluid ® But the subsequent 
parallel course of all three curves indicates (i) that the dog m deep shock 
did not lose radioactive protein from the circulating blood plasma at a 
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greater rate than the contiol dog, and (2) that the dog in deep shock did not 
lose radioactive protein fastei than the dog in modeiate shock 

Analysis of the tissues of the tliiee dogs showed fuithei that the extra- 
vascular plasma protein content of all tissues, except kidney and skin of 
thorax, drd not differ, substantially fiom one another (Table I) The cal- 
culated protein and plasma loss into kidney and skin of thorax was, 
furthermore, not significant quantitatively 

With certain mmoi vaiiations similai lesults ivere obtained in most of 
the comparable expeiiments peifoimed with 1 adiobromopi otem 

The foregoing expeiiments provided no evidence of greater leakage of 
protein in irieveisible shock than m leversible shock An mciease in capillary 
permeability to protein that may have developed in the former might have 
been elicited if the stagnant or collapsed capillaries had been supplied with a 
sufficient volume of fluid to force fluid transfei Accordingly, experiments 
w^ere carried out in wdiich a transfusion was given to twm shocked dogs 
when one had become irrevei sible The followung is a 1 epi esentative example 

J-7 The twm dogs (Nos 98 and 99) w^ere bled into shock by 
hemorrhage After seven and one-half hours m shock, wdien the blood 
pressure w'as 20 mm Hg , Dog 98 w'as given a transfusion of 470 cc of 
plasma containing radioiodoprotem At the same time a transfusion of 345 
cc of plasma containing radioiodoprotem was given to Dog 99, wdiich had 
been in shock for three hours, when the blood piessuie w^as 30 mm Hg 
Dog 98 did not recover and wdien the blood piessuie again declined to 25 
mm Hg the blood pressure of Dog 99, wdiich w^as lecovering, w^as 100 
mm Hg Both dogs w^ere exsanguinated simultaneously. Dog 98 yielding 
70 cc and Dog 99 230 cc of blood Tissue samples for analysis were taken 
immediately from both, wuth results showm in Table II, in wdiich the raPo 
of radioactivity content per gram of tissue of Dog 98 to that of Dog 99 is given 


Tabie II 

RATIO OF RADIOACTIVITV (rADIOIODOPROTEIN) OF TISSUES OF DOG IN 
IRREVERSIBLE HEMORRHAGIC SHOCK AS COMPARED TO CONTROL DOG IN 
REVERSIBLE HEMORRHAGIC SHOCK, INCLUDING PLASMA LOSS IN WHOLE 
ORGANS IN SHOCKED (IRREVERSIBLE) AS COMPARED TO CONTROL (REVERS- 
IBLE SHOCK) DOG* 

Expaimenl I — 7 


Tissue 

Ratio 

Per Cent 

Plasma Loss 
Cc 

Liver 

13 

0 

Lung 

32 

0 

Kidney 

87 

0 

Intestine 

68 

0 

Spleen 

112 

1 

SLin 

41 

0 

Heart 

62 

0 

Muscle 

121 

9 5 


Total 10 5 

Ratios \ariing between 95 and 105 per cent are considered within the limits of evperimental error in tlie 
cxperiinents >\ith radioiodoprotem 
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Except foi muscle and spleen, all the tissues of Dog 98 contained 
less exti avascular plasma than those of Dog 99 There is, accordingly, 
no evidence of greater leakage of plasma m the dog in irreversible hemor- 
ihagic shock as compaied to the dog in reversible shock On the con- 
tiaiy, the foimer, probabty because of a less efficient capillary circulation, 
seems to have displayed a slower than normal rate of escape of lodoprotem 
from the circulation 

Since the forces operating to pioduce lethal shock are not necessarily 
the same m all types of shock, it became necessary to obtain data on the 
question of generalized increase in capillary permeability in conditions 
other than hemorrhage Tourniquet shock and burn shock were studied 
by the above described technic, using radioiodoplasma protein, which turned 
out to be the most advantageous preparation of the three types of radio- 
active plasma utilized 111 this study Tourniquet shock and burn shock 
differ from hemorrhagic shock in that (i) a local loss into areas of 
injuiy occuis, and (2) such injured tissues peihaps may liberate a sub- 
stance capable of affecting capillary permeability in general 

B TOURNIQUET SHOCK 

A tourniquet was applied at the groin to one 01 both legs of a dog 
under morphine (3 mg per Kg ) and left on for some seven hours Plasma 
volume was then measured and radioiodoprotein was given to this dog 
and to a normal morphinized dog m equivalent amounts The tourniquet 
was removed and the same measuiements as in Experiment I-7 made 
The detailed data is available elsewhere ^ Table III lists the tissue analyses 
of four dogs (1-2 A, I-2 B, I-3 and I-4) showing plasma protein loss m 
various tissues including the tourniqueted extremities While the ratio* 
of the radioactivity content of the shocked dog’s tissues to that of the control 
dog’s tissues indicates loss of protein into some tissues other than the e\- 

* When radioiodoprotein is used, any ratio below 95 or above 105, e>.cept in 
muscle, IS taken to represent a difference outside of experimental error This error 
IS much smaller than in the case of radiobromoprotein ^ The significance of such ratios 
IS not evident in the ratio figures themselves since two factors of importance affect the 
calculation These are the relative weights of the organ and the relative radioactivit) 
measurements of such organs per gram For example, if a ratio of 200, derived from 
a radioactivity of 001 div per sec on the electroscope in the contiol and a radioactivit} 
of 002 div per sec in the shocked dog, applies to a gram of tissue of a given organ 
(A) , and the same ratio, derived from a radio-activity of 0001 div per sec in the 
control and 0002 div per sec in the shocked dog, applies to a gram of tissue of another 
organ (B) of the same weight, the difference in radioactivity per gram of tissue will 
be 001 for organ A and 0001 for organ B The total radioactive protein content of 
organ A will be ten times that of organ B and the quantitative loss involved is 
obviously far less in organ B, even though the ratio is the same for both The relative 
activities of various tissues m normal dogs are shown in another publication ® The 
quantitative significance of an increased ratio is of little consequence m an organ 
like the kidney, which is small in weight, and the same is true when a large organ 
has a very low order of radioactivity 
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tremities, such loss involves only one to thiee tissues and in no case is the 
total loss outside of the extremities quantitatively significant, fiom the point 
of view of plasma protein depletion There is, therefore, no evidence that 
a change in permeability to proteins, outside the aiea of injury, if it exists, 
IS of consequence in the development and'piogiession of shock following the 
removal of a tourniquet 

The volumes of plasma lost into the touimqueted extiemities is of course 
large The gain in weight was not determinable in Experiments I-2 A and 
1-2 B, where both legs were injured, but m Expeiiments I-3 and I-4 the 
weight increase (above the opposite normal leg) was much gi eater than 
the plasma gam determined by ladioactivity assay of the tissues (Table I\^) 
This discrepancy is far in excess of errois in method The difference, 
therefore, in major part, represents a gam in tissue uater drawn from 
outside areas 

The plasma gain m the leg m three of the four shocked dogs listed 111 
Table III is less than the plasma loss found by circulating plasma volume 
determinations (Table IV) It was pointed out elseuhere® that in deep 
shock plasma volume measurements by the dye technic may overestimate loss 
because the segregation of more plasma into the stagnant peripheral bed as 
shock deepens (a progressive rise in the amount of trapped plasma) will 
increase the extent of incomplete mixing and so give too low a d}e dilution 
figure in terms of the total plasma volume Hence one may expect a dis- 
crepancy between the dye method and the tissue ladioactivity method, the 
former showing a falsely higher loss, the more stagnant the peripheral bed 
becomes But the much greater total fluid loss into the leg, found b}^ actual 
weight change, than is disclosed by the dye method again points to a large 
access of tissue water derived from extravascular sources 

C BUBN SHOCK 

Three experiments v^ere performed in which one or more extremities 
were immersed under ether anesthesia for varying inteiwals in water at 98° C 
(Tables III and IV) In Experiments I-5 and 1-6 radioiodoprotein was in- 
jected intravenously into a normal dog and into the burned dog before the 
burn was produced In Experiment 1-8 the technic was varied m order to 
see whether the capillaries were more permeable to protein m a severely 
burned than in a mildly burned animal For this purpose two dogs were 
burned, one for 120 seconds, the other for 20 seconds Four hours before 
death of the more severely burned dog a plasma infusion containing radio- 
lodoprotein was given simultaneously to both dogs 

The extravascular radioactive protein content of the tissues in all three 
experiments showed no significant difference m the plasma protein content of 
the unburned tissues of the burned dog in comparison with the same tissues 
in the unburned control dog (Exper I-t^ and T-6) or the less severel}^ burned 
control dog (Exper 1-8) 
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Table III 


RATIO OP RADIOACTIVITY (RADIOIODOPROTEIN) OF TISSUES OF DOFS 1*4 TOURNIQUET OR BURN SHOCK AS COM 
P\RED TO CONTROL DOGS INCLUDING PLASMA I OSS IN WHOLE ORGANS IN SHOCK AS COMPARED TO CONTROL DOGS 
Tourniquet Shock Bum Shock 

Evper No I — 2A I — 2B I — 3 I — 4 I — 5 I g j 3 * ' 



B 

Cl 

90 

0 

B 

V 

00 

0 

"V 

E 1, 

B 

B 

9 U 

0 

a 1 


C 3 (U 

32 0 

« a 

Js 

rt B 

32 0 



PUi-l 



csicu 


Liver 

97 

0 

ot 

0 

118 

2 6 

Lung 

100 

0 

0 

0 

230 

7 0 

Kidney 

176 

1 3 

0 

0 

109 

0 7 

Intestine 

222 

33 

15 

0 

96 

0 

Spleen 

170 

2 0 

0 

0 

132 

0 4 

Skin 

0 

3 6 

185 

3 5 

86 

0 

Heart 

75 

0 

104 

0 4 

95 

0 

Muscle 

Injured 

76 

0 

0 

43 

138 

7 0 

extremities 

400 

102 

0 

132 

2800 

122 

Totals 


143 


179 


140 


"S 

CJ 

0 

rtV 

c 

0 

0 

4-t 

c 

0 

c 

0 

r-V 

Ratio 

PerC 

Plasm 

Loss- 

90 
r a 

32S 

0,0 

Ratio 

PerCi 

Plasm 

Loss— 

Ratio 
Per Cc 

S 1 

m w 

64 

0 

0 

0 

S3 

0 

140 

IS 

120 

2 0 

0 

0 

70 

0 

147 

9 

95 

0 

130 

2 1 

47 

0 

0 

0 

52 

0 

155 

20 

17 

0 

57 

0 

155 

1 4 

140 

0 7 

90 

0 

0 

0 

66 

0 

23 

0 

ISO 

5 

114 

3 

67 

0 

100 

0 

75 

0 

94 

0 

104 

3 5 

57 

0 

120 

7 

116 

10 

950 

180 

310 

190t 

2200 

445t 

300 

24§ 


184 


213 


457 


61 


* The control dog m this experiment was also burned one more severely than the other to compare severe 
and miJd burn shock states 

t Where no radioactivity is found in the extravascular tissue of the shocked dog the ratio becomes zero 
t If loss of plasma is assumed to have occurred early after the burn these values would be halved 
§ Plasma loss into the burned legs was calculated by comparison with values for intact muscle and skin for 
both dogs Plasma loss m milder burn was 38 cc Small loss was due to the fact that leakage occurred before 
radioiodoprotein was given (four and one half hours before the end of the experiment) 
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PROTOCOL DATA IN TOURNIQUET SHOCK AND BURN SHOCK AND COMPARISON OF PLASM \ LOSS INTO INJURED 

EKTREMITY BY THREE CRITERIA 
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Mm 


Per 




Kg 



Hours 

Hg 

Cc 

Cent 

Cc 

I— 2A 

84 

8 7 1 

0 

5 

5 7 

75 

270 

8 

300 


85 

6 9 


control 


no 

160 

0 


I— 2B 

86 

10 6 0 

93 

8 

4 0 

0 

0 

13 

307 


87 

5 1 


control 


110 

200 

0 


1—3 

88 

11 8 0 

92 

10 5 

5 7 

10 

30 

16 

257 


89 

14 1 


control 


120 

500 

0 


1—4 

90 

13 4 1 

0 

7 5 

11 5 

30 

100 

4 

220 


92 

8 2 


control 


105 

150 

0 


I— 5 

94 

8 5 0 

98 

45 

27 

0 

0 

1 

45 

95 

5 0 


control 


110 

200 

0 



1—6 

96 

11 

6 

1 0 

90 

18 5 

0 

0 

16 

230 


97 

10 

6 


control 


no 

480 

2 


1—8 

200 

11 

8 

1 0 

120 

22 

30 

0 

8 

785 


201 

10 

1 


20 

2l 

95 

150 

11 

250 



Remarks 


Gm Cc 

102 Tourniquet on both hind 
legs 

132 Tourniquet on both hind 
legs 

360 122 


435 180 After 7 hours the increase 

in hematocrit was 13% 
(Dog 90) 

121 190 Burn of foreleg and hind 

leg B P remained at 
8 0 Mm Hg and 
dropped to 30 Mm Hg 
after a small dose of 
nembutal (Dog 94) 

445 Burn of both hindlegs 


69 24§ Plasma infusion (325 cc ) 

with radioprotein 

171 38§ Plasma infusion (270 cc ) 

with radioprotein 


Formula showing relative proportion of radioiodoprotein dosage to weight of shocked versus control dog, 
when W =: wt of dog, 1 = volume of radioactive plasma injected c = control dog and s = shocked dog 
t In burn expenments plasma volumes by due method were complicated by marked hemolysis 

i Since t^gged^infusion was given four and one half hours before end of experiment loss during this period 
onlj was determined 
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In Experiment I-5 and 1-6 theie is no coi respondence between the 
plasma volume loss into the burned extiemity, as estimated from radioactive 
plasma protein content, and the loss as measuied by mtiavenous dye The 
unavoidable hemolysis of blood in burned dogs affects the reliability of the 
latter method 

In Experiment 1-8 the radioactive protein content was injected too late 
to permit a determination of total protein loss iilto the burned area In 
the severely burned dog the very small inciease in weight of the burned 
extremity suggests that peripheral vascular collapse was due to factors other 
than plasma volume deficienc}^ 

Although the extent of the plasma volume loss into the tissues m the 
foregoing expeiiments cannot be assessed with complete accuracy, the loss 
outside of areas of injuiy involves only one or two tissues, which vary from 
one experiment to another, and, 111 any case, is not quantitatively significant 

The calculation of plasma volume loss into tissue is based on the assump- 
tion that if such loss occurs outside of areas of local injury, whole plasma 
IS lost If greater capillary permeability to the nonprotem than to the protein 
fraction of the plasma should exist, the disproportion between the loss of the 
protein and the nonprotem fraction of plasma would be reflected m a shift 
of the total protein concentration Since the latter does not increase in hemor- 
rhagic shock,^° plasma if lost would be in proportion to protein loss m 
hemorrhagic shock, except perhaps wdien saline infusions are given m the 
late shock phase The rise 111 total piotein concenti ation m burn shock and in 
tourniquet shock ma} be explained as due to a disproportionate loss of the 
nonprotem fraction into or outside the injured area Such loss, if substantial, 
into tissues outside the injured area would not be likely without a loss of a 
measurable amount of protein Since no protein is lost {t e , no loss of 
consequence, except in a spoiadic and inconsistent manner involving one 
or two tissues varying from one experiment to another) into areas outside 
the locally traumatized area m either bum shock or tourniquet shock, our 
assumption that no plasma is lost outside of areas of local injury seems 
justified 

Evidence that plasma does not escape from the general capillary bed 
m untreated shocked dogs appears in plasma volume measurements m 24 
dogs in hemorrhagic shock listed in Table V These showed an average 
gam of lime per cent above the expected amount, owung to mobilization 
of exti avascular fluid during an early phase of shock In 12 of these experi- 
ments plasma volume was measured again after a subsequent inteiwal of 
shock In seven of these no therapy was given and the volume was sub- 
stantially unchanged The remaining five received a saline, plasma or 
blood transfusion in the late shock phase, with an average volume 19 
per cent below what was expected from the volume of the infusion added 
to the previous volume determination The discrepancy between the expected 
and determined volume might have been due to loss into tissues (particularly 
m the case of saline infusion), but it might also have been due to inadequate 
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mixing o£ dye with capillary blood since the validity of the dye method foi 
total plasma volume measuiement depends on complete mixing of the d3e 
with the peripheral blood If in the late shock phase the peripheral blood 
IS not in active cii dilation, in the same sense as the peripheial wateis 
of a swamp, through whose center a biook runs, are not in active ciicula- 
tion, complete mixing may not occui in the time interval allowed (15-30 
minutes) The results with respect to plasma loss obtained by the d3e 
volume method may be said not to disagree with those obtained by the 
radioactive protein technic 

STAGNATION (OR TRAPPING) OF BLOOD IN THE PERIPHERAL ClRCULATORT BED 

That stagnation can explain the discrepancy between expected and 
observed plasma volumes in the late phase of shock may be inferred from 
a variety of data (a) The steadily declining venous oxygen concentration, 
(b) the increasing diveigence in plasma pn values in favor of a relatively 
greatei acidity on the venous side of the circulation, (c) the increasing di- 
vergence in the plasma COo values due to the lesser fall in CO2 concen- 
tration on the venous side of the circulation, (d) the obviously slow or even 
absent flow through much of the peripheial bed in deep shock, as seen by 
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capillary microscopy m the rat’s mesenteryii and dog’s omentum, and (e) 
the leversal of all these changes in the direction of normal during the 
transient recoveiy phase following a large saline infusion 

In collaboiation with Gibson and Evans, who will publish the full data 
elsewhere ve have obtained evidence that the peiipheral circulatory bed and 
Its contained blood is, so to speak, out of contact with the cential ciiculation, 
and that much of the blood in the latter tiaverses a shoitened circuit It 
may be sufficient here to refei biiefly to the technic utilized and to quote 
a few representative results 

Morphinized dogs weie given an intra!enous dose of led cells containing 
ladioactive iron (47-day half-hfe) and the red cell volume was determined 
by the same technic as is used for plasma volume by the dye method The 
nla'^ma volume was also measured at the same time Bleeding into shock w^as 
then performed, and after some hours in shock an additional dose of radioactive 
1 ed cells w'as given In a numbei of experiments the resulting increase in 
1 adioactivity per cubic centimeter of cells was moie than the expected 
amount The red cell volume calculated on the basis of these data w^as less 
than the expected volume allownng for the volume of red cells removed by 
bleeding This is legarded as evidence of stagnation of red cells somewffiere 
in the peripheral bed 

Further evidence of stagnation (or trapping) w^as obtained as follow^s 
Dogs in hemorrhagic shock received a dose of ladioactive red cells Upon 
death of the dog the number of red cells in cubic centimeter per gram of 
tissue w^as determined by twm methods 

Hb in I gram tissue 

A — X arterial hematocrit 

Hb in I cc arterial blood (just before death) 

Radioactivity (Fe*) per gram of tissue 

B ^ — X arterial hematocrit 

Radioactivity (Fe’^) i cc arterial blood (just before death) 

Formula A is a method of direct determination of the total number of 
led cells in cubic centimeter per giam of tissue, but formula B is a deter- 
mination of the true number of red cells in cubic centimeter per gram of tissue 
in sufficiently active circulation to have reached the tissue fiom the time 
of injection until death The discrepanc)'^ between the results of the two 
formulae is a measure of the incompleteness of the mixing and therefore of 
the extent of trapping of blood out of active circulation The average ratio 
of B/A was found to be i o ± o i in nine normal morphinized dogs The 
average ratio in the shocked dogs \vas 07 to 08, indicating that some 20 
to 30 per cent of the red cell volume in tissues w'as trapped in the peiipheral 
bed, i e , by-passed by the active stream 

Such a degree of trapping could not be demonstrated with equal uni- 
foimity for plasma Possibly this may be due to a partial balancing of 
trapped plasma b}'- mobilized extravasculai fluid It ma}'^ also be that in 
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shock the mixing of plasma m active circulation with that in the peripheral 
bed IS physically easier than is the case for particulate material such as 
red cells The latter hypothesis is thought not to he true for the normal dog 
according to Hahn, ef 

As shock deepens the tiapping may be expected to increase In recent 
expel iments the technic adopted foi measuring the volume of trapped blood 
was altered m ordei to avoid eriors (see below) inherent in hemoglobin 
measurements for determination of blood content This was done as follows 
A dose of radioactive red cells, containing radioactive iron with a five-year 
half-hfe, was injected during the preshock phase and when the dog was in 
late shock, a dose of radioactive red cells with a 47-day half-hfe was injected 
The latter, insofar as it might fail to mix completely, would show a deficiency 
m the pieviously determined total led cell volume due to trapping 

Analyses of the tissues for the t\\o types of radioactive iron was then 
made The number of red cells in cubic centimeter per gram of tissue was 
then calculated on the basis of the content of each type of radioactive iron * 
The two determinations would be expected to agree if complete mixing 
occurred when both tj'pes of radioactive red cells weie injected If stag- 
nation were present when the second dose (47-day half-hfe radioactive iron) 
was injected, the cubic centimetei of led cells per gram of tissue, calculated 
on the basis of 47-day half-hfe radioactive iron, would be less in proportion 
to the degree of stagnation This w'as found to be the case 

On an aveiage, the tissue content of 47-day half-hfe iron w'as some 
foul -fifths of that of five-yeai half-hfe non Dilution of the second dose 
of ladioactive led cells w'as hkewnse ajjpi oximately four-fifths of the expected 
amount The latios bj both technics indicate that theie was stagnation of 
some 20 pel cent of the led cell volume of tissues 

An even more extensive segiegation of blood in the peripheral bed w'as 
obseived in Expei 1-8 (Table IV), in which a severe burn w^as inflicted 
on one hindleg of a dog weighing ii 8 Kg Twenty-tw'o hours later the dog 
was in deep shock, but the hindleg gained only 69 grams in w^eight The 
original plasma volume w'as about 600 cc and 325 cc of plasma had been 
infused By the dj^e plasma volume method a subsequent decrease 01 
“loss” of 785 cc 111 plasma volume w^as measured This value may be too 
high clue to iiiaiked hemolysis from the burn Howevei, since little loss 
occuiied into the leg as indicated by the small w^eight gam and a rise of 
only eight pei cent in hematocrit the loss indicated by the dye volume 
method w^as obviously loss out of active circulation, but not loss from the 
capillary bed 

In burn shock and in other types of trauma plasma is continuously lost 
because of the leakage af the site of injury, but leakage through the general 


Prof Roblej Evans, and coworkers, of the Massachusetts Institute of Technology 
constructed Geiger counters ivhich are capable of distinguishing between and accurately 
determining the radioactivity of the two types of iron in the same blood or tissue sample 
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capillar}^ bed does not occur In hemoirhagic shock an initial loss of plasma 
IS produced, but a piogressive decline in plasma volume cannot be demon- 
strated because leakage does not occur through any capillaiy area The dif- 
ference between the hemod}namic disequilibrium in such states of shock m 
which there is continuing local loss and that of shock due to hemoirhage, in 
which hemoiihage has stopped, is meiely a quantitative rather than a quali- 
tative one Once a sufficient initial decline in plasma volume occurs m any 
type a fatal mechanism is in opeiation and it is, theiefore, not necessary to 
explain death from shock as involving a pi ogi essive loss in plasma volume 
On the other hand, the foregoing data (on stagnation or trapping) demon- 
strates that shock is a state in which a pi ogressive decline in effective circulat- 
ing plasma volume exists The total plasma volume may he deficient, hut 
this IS not akuays so Thus, if shock is precipitated by an initial critical loss 
of plasma, a deficiency will be present , if shock is precipitated for some other 
reason, e g , severe infection or toxemia, a deficiency in plasma may not be 
present Ebert and Stead^^ could find no deficiency in the plasma volume 
of eight patients in shock as a result of severe coccal infection It is possible 
that here, as in the case of our hemorrhagic shock experiments (Table V), a 
deficiency might have been obsen’-ed m a later phase of shock But again, 
such a deficiency could Avell be explained as due to incomplete mixing with 
blood which is stagnant in peripheral areas 

Since shock can exist m the absence of a demonstrable fall m plasma 
volume, or after replacement of a known deficiency, and since the replaced 
plasma does not leave the circulatory bed, the essential dejects in tneveisihle 
shock are (i) inefficient circulatoiy disk ihution of the total blood volume, 
and (2) inadequate velocity of floiv thioiigh capillaries, even when the blood 
volume equals or exceeds that piesent befoie shock ocemred 

The vascular tree in shock shows widespread vasoconstriction (though it 
IS not maximal) In hemorrhagic, burn or tourniquet shock the small aiteries 
and veins of the omentum in the dog or of the web of the foot or the 
mesentery m the rat are narrowed and the capillaries are empty or nearly 
empty of red cells Chambers, Zweifach and Lowenstein^^ have observed 
dilatation of arterioles, capillaries and venules in a rapidly fatal type of tourni- 
quet shock, in which the extent of the fluid loss into the touimqueted extrem- 
ity IS limted by a quick collapse resulting possibly from a toxic factoi Tei- 
minal lelaxation of the arteries (but not of the veins) in the mesenteiy of 
the cat in tourniquet shock under barbituiate anesthesia was noted by Page 
and Abell Whether the dilatation observed by Chambers, et aP^ and the 
terminal relaxation observed by Page and Abell occurs in the absence of 
barbiturate remains to be determined 

These observations, suggesting decreased blood content of the peripheral 
circulatory bed, receive support from direct estimations of the blood content 
of the tissues in shock These were made by the following method 

Weighed amounts (two grams) of various tissues of dogs in shock 
M ere tal<en immediately after death from shock, or in normal dogs, following 
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exsanguination oi intravenous nembutal or potassium •cyanide Blood m 
laige vessels or on the surface of tissue samples was gently wiped away 
so that only blood in the smallest vessels was left in the tissue Repre- 
sentative pieces of such tissues as lung, liver, bowel, skin and muscle were 
pooled and aliquots taken for analysis The tissues were finely minced, 
exti acted with distilled water at 4° C =• for 24 to 36 hours, and filtered through 
gauze The hemoglobin in the filtrate was measured after clearing with 
ammonia in a photo-electric colorimeter against standards from arterial 
blood (taken at time of death), using a 620- and 540-filter to correct for 
tuihiditv No coriection for methemoglohin was made Although inac- 
curacies m the hemoglobin measuiement are unavoidable, the red cell volume 
in cubic centimetei per gram of tissue agreed by this method sufficiently 
in expel iments with simultaneous red cell content detei minations made by the 
ladioiion led cell technic, t to permit acceptance of our results as a fair 


Table VI 


AVERAGE vox UME RED CELT S (CC ) PER TRAM OE TISSUE OF VARIOUS ORGANS IN NORMAI AND SHOCKED DOGS 
HEMOGLOBIN AND RADIOACTI\E IRON DETERMINATIONS 
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* Killed by intravenous injection of nembutal or cyanide (two dogs) 

t Some of the dogs received infusions of blood (2) plasma (3) or saline (1) and (3) were exsanguinated 
+ Determination by radioactiv e red cell measurement 


approximation to the facts (Table VI) Fiom the hemoglobin value the 
red cell content per gram of tissue was calculated from formula A given 
above The liver, lung, kidney and spleen are the only organs containing 
appreciable amounts of red cells per gram When the number of red cells 
per gram of tissue in dogs in shock is compared to that of the normal dog, 
there is seldom more, and usually less, in the shocked dog (Table VI) t 
In general, it appears that the red cell volume is not greater and is probably 
somewhat less than normal m the peripheral circulatory bed 

However, direct estimations of the blood content of the tissues m shock 
by hemoglobin measurements do not indicate what fraction of the blood found 
m the vessels of these tissues was in circulation in shock Such data can be 
obtained by radioactive iron measurements in tissues after injection of red 
cells, tagged with five-year half-life iron before shock and of red cells, 
tagged with 47-day half-life iron during shock as described above 

=*■ Myoglobin of heart and skeletal muscle was first extracted with saline solution 
following which the residue after centrifugation was extracted with distilled water 
t In collaboration with Gibson, Evans, et al 

JThe acutely exsanguinated normal dog shows fewer red cells per gram of tissue 
than the noncxsanguinated normal dog or the dog shocked by hemorrhage 
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The capillaiy bed noimally contains some 20 pei cent of the total blood 
volume In shock this percentage is not only not increased, but probably 
IS decreased Data obtained with radioactive red cells indicates that some 20 
per cent of this capillaiy blood volume is trapped out of the active circula- 
tion Although this amount of trapped blood is only some four per cent 
of the total blood volume, it is, nevertheless, a seiious threat to normal 
tissue function since the capillary bed is the “business end” of the circula- 
tion It IS perhaps of no great consequence whether the blood content of 
tissues at any moment is the same, somewhat more, or somewhat less than 
normal The important fact is that this blood, whatevei its amount, is not 
moving at a sufficient velocity through a sufficient number of capillaiies to 
maintain normal tissue function 

Comment The extent of the disturbances m tissue function is mdnectly 
indicated by the level of the venous oxygen concentration and the caidiac 
output In extreme states of shock the venous oxygen levels are below five 
volumes per cent, and the cardiac output may be well below 50 per cent of 
normal Anuria or oliguria may be due to decreased velocity of flow or to 
kidney cell injury Long and Engels^*^ report m rats an increase 111 the 
blood ammo-acid levels due to failure of deamination by the liver as a result 
of anoxemia of the portal blood vein, the mam source of the oxygen supply 
to the liver Disturbances m enzymatic function are indicated by the increase 
m pyruvic and lactic acid blood levels Alexander, and Lamson^® find that 
the thiamm-cocarboxylase mechanism is seriously affected 

The therapeutic problem m shock which has not yielded to adequate 
plasma volume replacement becomes one of restoring normal velocity of 
flow through the capillary bed Capillary and venous anoxemia rise towaid 
noimal when tlie velocity is accelerated Whether this increase in velocity 
of flow necessarily involves a simultaneous increase in cardiac output requires 
further investigation Pressor amines do not improve velocity of flow 01 
caidiac output m shock Pure oxygen even at three atmospheres does 
not significantly improve the peripheral circulation Other substances which 
majr improve the peripheral circulation in shock are being investigated 

CONCLUSIONS J 

1 Plasma proteins tagged with radioactive isotopes (S®®, Br^^, I^^^) were 
used to study the capillary leakage hypothesis in hemorrhagic, tourniquet 
ana burn shock No evidence of leakage due to a change m the permeability 
ot the general capillary bed was found Tagged plasma proteins escaped 
into areas of injury m considerable amounts, but not into untraumatized areas 

2 There is no evidence to show that the general capillary bed becomes 
more permeable to plasma proteins or plasma in the late or irreversible phase 
of shock 

3 Data obtained by the use of radioactively- tagged red cells injected 
intravenously combined with tissue analyses for hemoglobin and tagged red 
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cell content indicate that about one-fifth of the capillary blood becomes 
stagnant or tiapped out of active circulation as the shock phase deepens 

4 The progressive decline in shock is not due to a progressive fall in 
plasma volume but to a progressive fall m the volume of actively circulating 
plasma 

5 The blood content in cubic centimeters per gram of tissue is not more 
and IS generally the same, or less, in shock than it is in normal dogs 

6 The theiapeutic pioblem in shock after adequate replacement of lost 
blood or plasma has failed is one of restoring volume and velocity flow 
through capillaiies befoie the integrity of vital tissue processes is inevit- 
ably lost 

Acknowledgment is made to Miss Martlia Goldberg for technical assistance 

Radioactive halogens w'ere prepared by the Radiation Laboratories of the Massa- 
chusetts Institute of Technology' and Hanard University 
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ROLE OF^THE NERVOUS SYSTEM IN SHOCK=^ 

Dallas B Phemister, M D 
Chicago, Iil 

TROM Tlin DEPARTMnNT Or SURGLR\, UMVCRSITV OP CIUCVCO CHICAGO lU 

Ir HAS BEEN GRADUALLY L9IABLISHLD ID comparatively leceiit years that 
the outstanding cause of surgical shock is the local loss of blood and/oi 
plasma The accompanying improvements m hemostasis and in the use of 
blood and plasma tiansfusions foi the prevention and treatment of shock 
have resulted m marked improvement m suigical results, and m great exten- 
sion of the field of operative surger}'' Operations of great magnitude are now 
being successfully performed that were impossible before and cases of severe 
injuries and bums are being saved that previousl}^ w'ere invariably fatal 
These advances w'arrant further investigation of other causes of shock m the 
endeavor to obtain additional improvements in its pievention and treatment 
One of the oldest and most wndely entertained theories is that shock may 
somehow'^ be brought about by an insult to the nervous system The influence 
of the nervous system on vasomotor tone may be briefly summaiized as fol- 
low's Control IS exercised through the vasomotor center m the medulla 
Efifeient impulses pass out from the vasomotoi center by way of the spinal 
cord and sympathetic nerves to the blood vessels They aie both \asocon- 
strictoi and vasodilator, but predominantlj' the foimei Afleient impulses 
come to the vasomotor center ovei pathw'ays from the somatic and the modu- 
lator 01 depressor neiwes supplying the aortic arch and caiotid sinuses and 
from the cerebral cortex Both pressor and depiessoi impulses come from 
the somatic nerves and were show'n, by Ranson and Billingsley,^ to haie 
separate pathw'ajs in the spinal coid Both vasopressor and vasodepiessor 
centers have been demonstrated m the ceiebral cortex of monkeys and cats by 
Hoff and Green ^ Impulses coming over the cardio-aortic oi aortic depressoi 
and carotid sinus modulator nei ves are entii ely vasodepressor 

The most populai conception of neurogenic shock is that it results from 
marked and prolonged lowering of blood pressure by afferent vasodepressoi 
impulses coming to the medulla either from the injuied field ovei somatic 
nerves or from the cerebral cortex, w'here they are set up as m syncope by 
adverse special sense oi pain sense impulses oi purely by mental action 
Lowering of blood pressure is accomplished by inhibition of vasoconstrictoi 
impulses and possibly, to some extent, by acceleration of vasodilatoi impulses 
Cardiac inhibition is also a causative factor m syncope 

The great objection to this neurogenic theoiy of shock is the lack of evi- 
dence based on carefully controlled clinical studies and on concert experi- 
mental methods of production in which other factors, as local loss of ciicu- 
lating fluid, and anesthesia are excluded It is well know'n, fiom animal 

*Read before The American Surgical Association, May 13-14, I943, Cincinnati, 
Ohio The work described in this paper was done under a contract, recommended bj 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago 
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expeiimentation/’ ^ that simple exposuie and stimulation of somatic neives 
of the limbs, as the sciatic and saphenous, by pinching, ciushing, cutting or 
the application of an electiic cuiient of diffeient strengths and fiequencies, 
cause a variety of ininoi leactions hut most fiequently an initial leflex fall 
of blood piessuie lasting foi one to thiee minutes, aftei which the pressuie 
may rise above or leturn to the pievious level The same has been found 
true foi man, as in case of lepeated ciushmg and pinching of the sciatic nerve 
duiing thigh amputation Following alternating airest and stimulation with 
a tetamzing current for one or tvo houis, the pressure may fall to some extent, 
but nothing like a state of shock is produced The same fibers, large and small, 
are stimulated in the nerve trunks by these experiments as are stimulated m 
wounds of the extremities, and often much more forcefully Seven rabbits 
have been tested during this study, and it vas impossible to produce shock 
by these procedures Upper abdominal operations^ in man occasionally cause 
rapidly developing bradycardia and a fall of blood pressure to 8o, 6o or 50 
mm Hg , but the patient remains in good condition, the pressure rises as 
the intra-abdominal manipulations dimmish and the circulation returns to 
normal unless it has become embariassed by other factors The reaction has 
been explained by the assumption of vasodepressor fibers in the abdominal 
trunks of the vagi which are stimulated Further study is indicated 111 order 
to determine more accurately the method of production The marked lower- 
ing of blood pressure in fainting ®’ '' produced by the action of afferent impulses 
from the brain on heart and vasomotor center is also short-lived as loss of 
consciousness interrupts the adverse psychic impulses and produced recum- 
bency with brain and heait coming to approximately the same level Im- 
provements of cerebral blood supply and elevation of blood pressure ensue 
and consciousness is regained within a relatively short time without harmful 
after-effects 

O’Shaughnessy and Slome,® and Kabat, Lorber and Welte,® have re- 
ported an increased tendency to shock production in case of limb trauma of 
dogs in which the limb was severed from the body except for the nerves and 
femur, and the circulation maintained either by perfusion with blood ren- 
dered noncoagulable or by crossed-circulation from another animal How- 
ever, Blalock and Cressman^® did not confirm these results except to report 
that spinal anesthesia reduced the tepdency to shock when general anesthesia 
was then induced by nembutal in cats and chloralose in dogs 

The cardio-aortic or aortic depressor nerves and the carotid sinus nerves 
are afferent nerves supplying the walls of blood vessels, stimulation of the 
endings of which by increase of the intravascular pressure causes a reflex 
fall m blood pressure, chiefly by inhibition of vasoconstrictor impulses from 
the vasomotor center in the medulla In this way they serve to modulate 
blood pressure when it is by any mechanism elevated Animal experi- 
ments have been carried out in which these nerves were stimulated in an 
effort to determine the effects of a purely neurogenic lowering of blood pres- 
suie except as modified by the anesthesia, blood loss from clot washings and 
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samples foi analyses, and by the relatively slight tiauma incident to the 
experiments The results should be an index of vasodepressoi action re- 
gal dless of the source of the impulses 

Schachtei, and the author, have leported the results of stimulation of the 
carotid sinus nerves In a mmoiity of the experiments, the blood pressure 
could be maintained in the vicinity of or moderately below 70 mm Hg for 
horns, by continuous electrical stimulation using a bipolar cannula electrode 
inserted in the carotid sinus Initial low shock levels were not obtained 
Release of the stimulus at any time up to four or five hours was followed 
by a prompt rise of pressure to previous levels, but beyond that time both 
the response to release and the pressure during stimulation usually declined 
gradually, and death occurred in seven and one-half to nine hours with the 
animal in a state of shock When blood pressure fell on stimulation but was 
maintained above 75 or 80 mm Hg , there was remarkably little impairment 
of circulation, and the animals lived an average of ten hours longer than 
those with pressures ma^intained at 70 mm Hg , or below, and only about 
ten hours less time than the control experiments 

Cmdio-aoihc N’ewe Stwndation — ^The cardio-aortic or aortic depressor 
nerves supplying the arch of the aorta and fiist portions of its large branches 
and some fibers to the heait, are more poweiful depressor nerves than 
the carotid sinus nerves and offered a more favorable method of experi- 
mental neurogenic lowering of blood pressure They are fused with 
the vagi in all animals except rabbits and a certain percentage of cats, for 
which reason rabbits were chosen for the experiments Urethane o 5 Gm 
per Kg body weight, was given intiapentoneally, which maintained light 
anesthesia The femoral arteries were cannulated, one for kymographic re- 
cordings of blood pressure, and the other for drawing blood samples and for 
infections The mandible was tied to the bit of the head piece of a dog- 
board on which the rabbit was fastened, the cardio-aortic nerves were isolated 
alongside the vagi in the neck and a shield electrode attached to a Harvard 
inductonum receiving six volts from a tiansformer was applied to each 
nerve Blood pressure ranged from go to 120 with an average of 105 mm Hg 
Control animals with only the stimulus deleted lived 14 to 18 5 hours 

In favorable cases stimulation of both nerves, with the secondary coil at 
nine or ten centimeters from the primary, usually caused a sharp drop m 
blood pressure to a range of 25 to 60 mm in two or three minutes and slowing 
of the pulse during the same period from an average rate of over 200 to a 
range of 60 to 100 per minute A somewhat stronger stimulus was required 
to produce a similar effect if one nerve only was stimulated With continued 
stimulation, the course of the blood pressure varied greatly according to the 
individual experiment In some cases the pressure remained low for hours 
while in others it rose either rapidly or slowly In such cases, increase of 
the strength of the stimulus usually caused a further decline However, when 
a very marked decline was obtained by a weak stimulus, as with the secondary 
coil at nine or ten centimeters, increasing the strength of the stimuli to the 
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maxinnim of the inductoiiums failed to kill the animal, and might fail to 
cause fuithei loueimg of the inessuie The pulse al\\ays mci cased in late 
aftei the initial few minutes, but usually continued somewhat i educed in late 
as long as the blood piessuie lemaincd low fiom stimulation Respirations 
^\ele little influenced by the stimulus Tiaumatism of the very small nen^es 
during piepaiation, accumulation of blood in the ^\ound and contact with 
tissues causing curient leakage and di}ing of neives, aie variously responsi- 
ble for the fluctuations in i espouse 

Extensive expeiiments have been peifoimed in which blood studies have 
been con elated uith piessuie studies and necropsy findings They are being 
lepoited in detail by Laestai, Schafei, Eichelbeigei, Schachtei, and the au- 
thoi, and only an abbieviated account is included here 

When the blood pressuie was maintained at low' levels by continuous 
cai dio-aortic neive stimulation, death took place in fiom 2 5 to eight hours 
and, in general, the low'er the pressure the shortei the peiiod of survival 
In the majoiity of experiments, the inessuie ranged betw'een 35 and 55 mm 
Hg , and the animals usuall}' lived five to eight houis Tempoiar}' release of 
the stimulus at intervals during the early and middle poitions of the experiment 
usually resulted in a rapid rise of pressure to the vicinit}' of the pievious 
level indicating a good state of vasomotoi tone But dining the terminal 
portion (o 5 to I 5 hours) of the peiiod of survival, the 1 espouse on release 
maikedly w'eakened, indicating failuie of the vasomotoi tone and the blood 
piessure undei stimulation usually declined slightly before death Blood 
examination showed hemodilution and reduction of arterial blood oxygen and 
carbon dioxide In some cases theie w'as a tendency tow'ard hemoconceii- 
tration tow'aid the end Figure i show's an experiment m w'hich, for the 
fiist four hours, the blood pressure lemained in the vicinity of 40 mm Hg 
during stimulation and rose to near the oiiginal level during the three short 
intervals when the stimulus was released Fiom then on, the piessure de- 
clined slightly during stimulation and the responses during the tw'O leleases 
had wealcened lapidly before death at 5 5 houis That is, the vasomotor tone 
was remarkably w'ell preserved foi foui hours aftei which it gradually failed 
Hemodilution progiessed gradually thioughout the experiment, except at 
times in the terminal stages 

When the vasomotor tone was well preseived, peimanent lelease of the 
stimulus after such periods of depression lasting sometimes foi four to seven 
houis would be followed by rapid restoiation of blood piessuie to the vicinity 
of the prestimulation level, and the animals lived on, similar to controls The 
blood, which usually diluted duiing the peiiod of low blood piessuie, would 
show a tendency to concentrate after the pressuie was again elevated These 
findings are illustrated by Figuie 2, in which experiment the blood pressure 
was maintained at a fluctuating level, averaging about 50 mm Hg for foui 
hours, during which time theie was marked elevation with each lelease 
Aftei dicontiiiuation of the stimulation, the blood piessuie rose to the previ- 
ous level, and seven hours later, when the animal was killed, it still legistered 
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90 mm Hg The blood which had slightly diluted dining the stimulation 
showed concentration at 7 5 hours, or 3 5 hours after restoration of the pres- 
suie following removal of the stimulus This is evidence that the blood pres- 
suie may be maintained at shock levels for long periods by a purely nervous 
reflex vasodepiessor mechanism, without serious impairment of either the 
vasomotor center 111 the medulla or the peiipheial circulation and that the 
cii dilation may rapidly return to normal after stopping the stimulation It 
IS additional suppoit of the finding of Roome, Keith and Phemister that a 
sudden low blood piessuie pioduced without local loss of ciiculating fluid 
impairs the cn dilation less and is better tolerated than an equally low blood 
piessure produced by such loss 

In one animal the blood piessure starting at 106 mm Hg langed between 
55 and 80 mm Hg thioughout the peiiod of stimulation, and death did not 
occur until 13 houis had elapsed 

In a small percentage of experiments the blood piessuie was 1 educed to 
levels of 30 to 40 mm fiom the beginning, and theie was usually a further 
gradual decline of pressuie and a moie lapid onset of failure of vasomotor 
tone, as indicated by poor lecovery of blood pressure dining temporal y 
release of the stimulus Continued stimulation would result in a serious con- 
dition of the animal or in death m less tune than m the preceding group 
Figure 3 shows an expeiiment 111 which the blood pressuie fluctuated between 
40 and 30 mm Hg during the first h^nr, and betv een 2S and 24 inm during 
the following one and one-half hours, when death occuired Vasomotor 
tone was greatly reduced after the fiist hour, as shown by biief releases of 
the stimulus then, and at the end of the second hour Theie was progressive 
hemodiliition, as shown by the reductions in led count, hemoglobin, hematocrit 
and plasma proteins Arterial blood oxygen was consideiably 1 educed and 
carbon dioxide stnkingl}'- so This nas one of the most lapid deaths that was 
produced by very low blood pressuie from cai dio-aortic depiessor nerve 
stimulation, and both the failing vasomotor tone and the pi ogi essive hemodilu- 
tion with reduction of blood oxygen and carbon dioxide weie responsible 
for it The cause of death in the animals dying with prolonged lowering of 
blood pressure to shock levels from nerve stimulation may well be designated 
as neurogenic shock Slight degenerative changes have been found in the 
paienchymatous organs of some of the animals 

When the blood became considerably diluted and vasomotor tone showed 
signs of failure as a lesult of a long period of low blood pressure, produced 
by cardio-aoitic nerve stimulation, the tiansfusion of either whole blood or 
plasma bi ought about a peiiod of definite iinpiovement of cii dilation The 
level of blood piessuie dm mg stimulation was elevated little or none, but 
the peiiod of suivival was prolonged, the 1 espouse on release of the stimulus 
was improved, and the bleeding volume of the animal was appi oxnnately as 
great as that of controls Thus in one experiment the course was similar to 
that shown in Figuie 3 and at the end of three horns the animal was almost 
inoiibuncl, vith a blood pressure of 24 mm Hg , which rose to only 38 mm 
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on release of the stimulus A blood transfusion of 20 per cent of the cal- 
culated blood volume, and 30-mmute rest from stimulation, led to an elevation 
of blood pressure to 70 mm Hg , and the rabbit then lived for seven hours, 
despite three one-hour periods of stimulation and lowering of blood pressure 
m the meantime 

Figure 4 records an experiment in which an extremely low blood pressure 
m the vicinity of 30 mm Hg was maintained for four hours, with progres- 
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sive hemodilution and blood oxygen and carbon dioxide i eduction, but uith 
only moderate decline of vasopressor response on release of the stimulus A 
27-cc plasma transfusion then raised the pressure only biiefly, but release of 
the stimulus at 4 66 hours resulted in an increase m the level of elevation of 
blood pressure A second 27-cc transfusion at five hours further improved 
the circulation, and at 5 66 hours the animal was bled 40 per cent of the 
calculated blood volume during stimulation The pressure was only moder- 
ately reduced by the bleeding and, on release of the stimulus shortly after- 
ward, it rose to 60 mm Hg , showing that the vasomotor center was still 
quite active An additional ten per cent bleeding during stimulation was 
required to kill the animal The plasma transfusions resulted 111 reductions in 
red counts and hemoglobin and hematocrit readings, but the increase in 
circulating volume and osmotic pressure prolonged life and improved the 
response of pressure on release of the vasodepressor stimulus 

Bleeding experiments were performed in order to test the effect of 
neurogenic lowering of blood pressure on animals that were already in a 
state of impending or actual shock as a result of hemorrhage Clinically, 
severe hemorrhage followed by fainting, or by a fall of blood pressure from 
upper abdominal manipulation, might simulate the experiment From 15 
to 35 per cent of the calculated blood volume was withdrawn intermittently 
m a number of rabbits, reducing the blood pressure to 70 mm Hg , or below 
After the lapse of 15 to 40 minutes, the cardio-aortic nerves were stimulated 
and the blood pressure was, thereby, reduced to considerably lower shock 
levels Usually, this resulted in some shortening of the survival period, as 
compared with controls, but the difference was not very great Figure 5 is 
the record of an experiment in which after testing the effects of cardio-aortic 
nerve stimulation, the animal was bled first ten per cent and then seven 
per cent of the calculated blood volume, which resulted in a blood pressuie 
maintained at about 60 mm Hg 40 minutes later Under stimulation, it was 
then maintained between 30 and 40 mm Hg for almost one hour before 
death occurred, with little pressor response on release of the stimulus shortly 
before The blood which before show^ed slight dilution as a result of the 
hemorrhage, was concentrated near the end of the period of further depres- 
sion under stimulation It appears that the vasodepression from nerve stimu- 
lation shortened the survival time However, in one case, when the blood 
loss was relatively small (15 per cent), the survival time, under further 
marked reduction of pressure by nerve stimulation, was lemaikably long 
(seven hours) 

In seven rabbits the effect on the cii dilation of loivermg of blood oressure 
to levels averaging 40 to 50 mm Hg for periods of one to 433 houis by 
cardio-aortic nerve stimulation w^as tested by finding out how well bleeding 
w'as tolerated at the end of that time It was found that the bleeding volume, 
w'hich for seven controls averaged 42 5 per cent of the blood volume, esti- 
mated by the Evans blue dye method, varied from a moderate reduction to 
noimal the average being 39 per cent This showed that although the 

263 



DALLAS B PIIEMISTER 


Annals of Surccrj 
August lOdS 



Fig 5 — Shock produced bj hemorringc imdc worse h\ fiirtlicr lowering of blood pressure b\ 
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piessuic W3.S at shock levels, the cii culation was, on the ^\hole, lemaikably 
\Aell preseived 

The circulating blood volume duiing vasodepiession was determined by 
Di Paul Schafei m five labbits by the lathei maccuiate Evans blue dye 
lapid method, di awing the five blood samples at ten minute intervals The 
tests were made aftei tvo to thiee hours of stimulation and while the piesstiie 
was at shock levels With the exception of the plasma piotein in one expeii- 
ment, a reduction in total volume, plasma volume and led cell mass Avas 
always obtained, the average being 17 per cent, 7 per cent and 34 per cent, 
1 espectively 

Further evidence that the blood pressuie may be 1 educed to low shock 
levels for prolonged peiiods of time by a neuiogemc mechanism befoie theie 
IS failure of the cii dilation has been obtained by the study of nine dogs 
with section of the lowei cenical poition of the spinal cord Undei intra- 
venous evipal anesthesia, 40 mg per Kg body weight, the femoial aiteries 
were cannulated One vas used foi drawing blood samples while the blood 
pressuie vas lecorded contmuousl)" from the other The spinal coid was 
then cut, aseptically, at the level of C-8 inteirupting the sympathetic path- 
ways from the r^asomotor center in the medulla to the blood A'-essels and 
heart, and the animal followed until death The stimulus of cutting the cord 
causes a brief rise in blood piessuie and tachycardia which aie followed by 
a sustained fall in blood pressuie and biadycaidia Under the conditions of 
this experiment, the animals, with one exception, regained consciousness and 
lemamed 111 a quiet state of depiession until coma supervened The blood 
piessuie A^aried Avith the expeiiment, but langed betueen 70 and 20 nim Hg , 
usually declining slowly until death took place in 25 to 33 hours During 
the first 15 to 20 hours, the blood undei went dilution, aftei which it usually 
concentrated Hemorrhage into the small intestine was usually found at 
autops}'’, similar to that observed by Blalock^^ in dogs dying of shock pro- 
duced by slow heinorihage Figure 6 recoids the findings in an animal in which 
the blood pressure dropped to the unusually low level of 20 mm Hg during 
the second hour, to recover to 50 mm Hg by the thn d hour, and then slowly 
declined to 20 mm again, with death in 26 houis The pulse late varied 
between 90 and 60 per minute Despite the low blood pressuie, the animal 
lemamed paitly conscious and occasionally moaned for 16 houis The 
led cell counts shoAved a hemodilution dunng the first half of the experi- 
ment folIoAved by hemoconcentration The discrepancy in hematocrit read- 
ings IS unexplained but ma)’’ haA'^e been due to SAvelhng of the red cells 

STOEMART AND^CONCLIJSIONS 

Neuiogemc shock was pioduced b}'- piolonged electiical stimulation of 
the cardio-aoitic (aoitic depiessoi) nerves of the labbit lesulting m marked 
and prolonged loAAering of blood piessure, hemodilution anoxia and terminal 
exhaustion of the A^asomotor center of the medulla Usually there Avas a 
lapse of four to seven houis befoie seiious impairment of the vasomotor 
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center and of five to eight hours before death Removal of the stimulus 

before serious impairment of the center was followed by rapid recovery 

of the circulation In exceptional experiments, the blood pressure was 
maintained at very low levels and the course was more rapid The results 
serve as an index of the effect of hyperactivity of afferent vaso depressor 
impulses which would be the same regaidless of the pathways over which 
they came to the medulla The possibility that shock is ever produced 

by accidental injury of the cardio aortic nerves is so small that it scarcely 

merits consideration Blood and plasma transfusions improved the condition 
of the shocked animals. 

In dogs with section of the seventh cervical segment of the spinal cord, 
a remarkably severe and prolonged lowering of blood pressure resulted before 
there was failure of the circulation and death These results demonstrate 
the marked capacity of the circulation to remain adequate when the blood 
pressure is low'ered, principally by interference wuth vasoconstrictor nerve 
impulses to the blood vessels with relatively little associated blood loss 
Nothing remotely approaching this degree and duration of lowered blood 
pressure and failure of the circulation has been produced bj'^ direct stimulation 
of the somatic nerves Consequently, it is highly improbable in accidental 
and operative wounds that shock ever results primarily, or even secondarily, 
from the action of afferent vasodepi essor impulses passing over the somatic 
nerves that are injured in the field 

Vasomotor and cardiac afferent depressor impulses from the brain to 
the medullary center may lower blood pressure and produce syncopy but 
they act for too short a time to be the sole cause of shock in comparison 
with the long time required for its experimental production from an equally 
marked lowering of pressure by aortic depressor nerve stimulation The 
same is true of the occasional reflex lowering of pressure in abdominal opera- 
tions However, when combined with hemorrhage, these may be contributing 
factors in shock production as w^ere vasodepressor impulses from cardio-aortic 
nerve stimulation when preceded by hemorrhage to shock levels in these 
experiments 

A fuller realization on the part of the surgeon of the relatively small 
importance of hyperactivity of afferent depressor nerve impulses and of the 
relatively great importance of blood and plasma loss and toxicity of anesthetics 
in the causation of surgical shock wull lead to greater attention to the latter 
factors and to further improvement in surgical therapy The primary cause 
of shock is probably never a purely reflex vasodepressor reaction 
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Discussion — Dr. Alfred Blalock (Baltimore) These are two excellent papers 
Dr Phemister and I, and others, have maintained for a good many years that the 
most important agency in the initiation of traumatic shock is the regional loss of 
fluid from the blood stream Most of the pathologists and the physiologists have 
maintained that there is a general increase in capillary permeability even in the early 
stages of shock 

Now Doctor Fine and his group, Gregersen and Root, at Columbia, Gibson and Aub, 
in Boston, Evans, of Richmond and others, have come to the conclusion that there 
IS not a general increase in capillary permeability in traumatic shock even in the 
terminal stages Even though I can find no flaw in their experiments, it is difficult 
for me to accept this whole-heartedly It would appear that in the terminal stages 
there should be a general increase in capillary permeability, but, as I say, the evidence 
points in the other direction 

I hope that Doctor Fine, and others, are correct in their findings, because it 
makes for a more hopeful outlook in therapy Certainly, the inability to establish any 
definite beneficial effect from the use of adrenal cortical extract would indicate 
that they are correct 

Perhaps several remarks regarding the three prevailing theories on traumatic 
shock would not be out of order , namely, the regional fluid loss, the nervous influences, 
and the toxemia theory 

First, as regards the regional loss of fluid, I would agree with what Doctor Phe- 
mister said in his introduction The importance of this in most cases of shock has 
been established and the beneficial effects of the use of blood and blood substitutes 
have been shown It would appear that further studj' along this line should be in 
connection with the finding of other blood substitutes, such as perhaps Doctor Lockwood 
will talk about this morning 

Secondlv as regards the role of the nenmus svstem in shock, this has been covered 
by Doctor Phemister It would appear that studies along this line would not be 
extremelv hopeful as making for better theraoy At least it seems that attempts to 
mock nen^es have not resulted in much benefit in the treatment of traumatic shock 
Certainl}', the use of spinal anesthesia is not advised in the treatment of traumatic 
shock due to injuries to the lower extremities so it would appear that further researches 
along this line would not be particularly hopeful This is not saying that the nervous 
sj stem ^has nothing to do with the genesis of traumatic shock 

Third!}, as regards the so-called toxemia theorv, or what perhaps today had 
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bctlei be spoken of in Iciins of metabolic disturbance, perliaps the future outlook 
IS soniewliat bettei, foi it does appear ■\cr3' likely that there are chemical hormonal 
distui bailees that might be treated successfullj' 

The results of Doctor Fine in this connection arc exceedingly interesting, as 
aie those of C N II Long, of Pnn/metal, and of many other iin estigators 

In other words, as Doctoi Phemistci has said, it appears that the regional fluid 
loss factoi IS now fanh gencially appreciated, and one can use blood and blood sub- 
stitutes and other agencies, such as Doctor Elman spoke of jesterdac, to correct this 
condition At least from the cxperiiiiciital \icw'point it w'ould appear to me that our 
cncigics should now' be directed tow aid this third point, whether it be a toxemia 
01 whether it be the chemical distuilniiccs, and try to find an accessory means of 
improving our present knowledge on the treatment of this condition 

Again I want to sav how much I enjoced these two excellent papers, and tliej 
icpicsciit the work of two groups out of approximately fortj-fice different groups in 
tins couiitiv who arc stucljing shock 

Dk Jacou Fixe (closing) It is difficult to find one’s wa\ in the literature on 
shock because of coiitradicton cmcIciicc from ccpialK competent iin estigators These 
contradictions arc frcciucntlj due to differences in the experimental conditions, the 
significance of which often arc not sufficicnth evaluated The literature on tourniquet 
shock, m particulai, is a good example Nearh all the recent studies on this tipe of 
shock indicate that iccoccrv is seldom achie\cd even with large transfusions of plasma 
or other blood substitutes Our own experience, how'c\ci, is that reco\eri from tourniquet 
shock IS the usual result from the transfusion of plasma or other blood substitute^ 
The reason for this difference m the result is that in our dogs no anesthesia, except 
morphine, was used, wdnlc baibituratc anesthesia, which is known to be capable of 
aggravating the state of shock, has been uniformlj' used b\ other iin estigators 
Thus, Melon and Wmtcrmtz (Am Jour Pins, June, 1943), using nembutahzed dogs, 
found that tourniquet shock (tourniquets to both hind limbs for fi\e hours) if un- 
treated, IS uniformly fatal When we pioductd this tepe of tourniquet shock (1 c , 
tourniquets for fne hours to both hind limbs) using morphine alone, the dogs com- 
monly failed to go into shock \Micn thev treated such dogs w'lth plasma albumin 
no beneficial effect was obtained, but cure w-as achiceed w'lth sodium succinate and 
saline solution The cure achicecd In sodium succinate and saline solution maj well 
have been due to the neutralizing bv succinate of the effect of nembutal on tissue 
respiration, thus permitting spontaneous recocery, as in our owm unanesthetized dogs 
The fact that their dogs, if untreated, umfornil} died does not mean that tourniquet 
shock (for five hours to both hind limbs) is uniformly fatal It does mean that this 
type of tourniquet shock />/tis nembutal anesthesia is uniformly fatal 


Dr. Dallas B PiirinsTCR (closing) I only w-aiit to say that one of the ideas 
that should be gotten out of the head of the aaciage member of the medical profes- 
sion is the traditional fixed one that shock may be pioduced by affeient laso- 
depiessor nene influences I am not discussing othei iicurogemc theories 
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SURGICAL GUT (CATGUT) TUBING FLUID 
AS A TISSUE IRRITANT-^ 

Charles Little Dunham, MD , and Hilger Perra' Jenkins, MD 

Chicago, III 

TROM Tlir UM\ rRSIT\ or CHIC \GO SCHOOL OF MPDICINE CHIC \GO, ILI 

In an extensive study of the absoiption of suigical gut (catgut), lecently 
published by Jenkins and cowoikeis ’ a point of considerable inteiest was the 
noticeable variation in the magnitude of the tissue leaction which was observed 
in tissue implantation tests of suigical gut pioducts fiom diPeient comaneicial 
sources Those products which had a tendenc} to pi oduce the moi e conspicu- 
ous tissue reactions veie usually observed to undeigo a more rapid loss of 
tensile strength and frequentl}'^ a moie rapid rate of complete absoiption than 
products which produced a less conspicuous tissue leaction Relativel}^ lapid 
absorption was geneially found to be associated with a pi edommantl}'^ 
leukocytic reaction, to which the gut appeared to be especially vulneiable 
Relativel}^ slow absoiption was associated with a predominantly maciophage 
response ivhich appeared after an initial leukocytic invasion of vai3nng magni- 
tude wdiich m some instances ivas relativel}'- negligible Although it ivas 
generally found that the surgical gut from certain sources tended to pi oduce 
conspicuous reactions wdiile minimal reactions were observed with products 
from other sources, there were many exceptions encounteied 

On the basis of the observations made, there appeared to be some unex- 
plained factor which contributed to the magnitude of the tissue leactions 
observed This factor w^as not appaiently an inherent propeity of the gut 
pci se because it was not constant in all pioducts This prompted us to ex- 
plore the possibilities of the presence of a tissue irritant m the tubing fluids 
commonly used for suigical gut, which, if carried into the tissues along wnth 
the gut, could explain man}'- of the reactions obseived This study concerns 
itself wuth the twm general classes of tubing fluids, namely, the anhydrous 
liquids used for boilable gut, and the alcoholic solutions used foi the noii- 
boilable suigical gut 


BOILABLE PRODUCTS 

Many manufacturers have used x}lene (xylol) as a tubing fluid foi then 
boilable pioducts because this is a completely anhydrous liquid and does not 
cause any damage to the gut when the tubes aie subjected to boiling or auto- 
claving foi surface steiilization of the glass before use in the operating loom 
Furthermore, the manufacturers can heat-steiihze the surgical gut after sealing 

"■Read bj title before the American Surgical Association, Alay 13-14, 1943, Cin- 
cinnati, Ohio 
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the tubes if they use an anhydrous liquid such as xylene Some manufacturers 
have, at one time oi another, used toluene (toluol) instead of xylene 


EXPERIMENTS 


I An intradeimal injection of 0025 cc of xylent tubing fluid, obtained 
from a commonly used boilable product, Mas made in the skm of the forearm 
of one of us Within six hours there M'as a red, tender welt, o 5 cm high and 
4 o cm in diameter, at the site of the injection The reaction was extremely 
painful and subsided over a period of one ■week There was no superficial 
necrosis The lesion resembled an acute cellulitis such as one sees produced 
Ijy streptococcus infections 



Tig I — Showing tissue necrosis 48 
hours after intndermal injection of o 05 
amounts of (A) xvlene (ACS), (S) 
Toluene (ACS), (C) -gylene tuhing fluid, 
and (Z>) bi flash solvent, into the back of 
a dog Ulceration of the necrotic skin has 
o.curred in all except the toluene injection 


2 Intradermal tests were earned out 
on a series of animals using 005 cc of 
\ylene (ACS), toluene (ACS), and 
X3dene \vhich had been used as a tubing 
fluid for surgical gut In a few experi- 
ments white rats and rabbits were used, 
but It was found that the skm of the back 
of dogs, being less delicate, M'as more sat- 
isfactoiy for this M'ork The immediate 
leactions to the injections ivere relatively 
slight By the end of an hour one could 
see only a pale, slightly elevated wheal 
f to 2 cm in diameter, but by the end of 
rS hours permanent tissue damage had 
occurred The xylene (ACS) regularl) 
produced necrotic lesions i to 2 cm in 
diameter surrounded bjf an edematous 
and reddened inflammatory margin sev- 
eial millimeters wide Xylene tubing 
fluid appeared to produce somewhat more 
conspicuous lesions than standard labora- 
tory xjdene (ACS) Sloughing of the 
necrotic areas followed in a few daj'^s 
Toluene (A C S ) produced less severe 
reactions and in most instances these 
were ultimately not much greater in mag- 
nitude than those described below as 


characteristic of 95% ethyl alcohol (Fig l) 

3 Intradermal tests were carried out in dogs using o 05 cc of varying 
concentrations of xylene and toluene (i, 5 , 10, 15 and 50 per cent by volume) 
m 95% ethyl alcohol Control injections using 95% ethyl alcohol produced 
an immediate coagulation of the tissues, surrounded by erythema The lesions 
did not progress and the erythema tended to subside , rapidly These lesions 
rarely exceeded i cm in diametei and were usually o 5 cm or less, their size 
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being determined largely by variations in the technic of injection, especially 
the depth of penetration of the needle The more superficial the injection 
the greater the tendency to spreading, with the result that the lesion produced 
would have a greater diameter It should be mentioned here that the same 
amount of alcohol (005 cc ) injected into the human skin usually produced 
only relatively transient lesions which were negligible after a day or two The 
mixtures of xylene and toluene 111 alcohol characteristically pi oduced an imme- 
diate coagulation of the tissues at the site of injection, with the development 
progressively of erythema and appreciable necrosis for the higher concentra- 
tions of the solvents in alcohol Injections of 50% xylene and 50% toluene 
in alcohol produced lesions which were of a greater magnitude than were 
observed with undiluted xylene or toluene, respectively The mixtures with 
lower concentrations of xylene or toluene in alcohol produced lesions some- 
what more striking than the alcohol controls, the magnitude varying in 
proportion to the concentration of xylene or toluene 

NONBOILABLE PRODUCTS 

The tubing fluids used for nonboilable surgical gut have been alcoholic 
solutions, usually 95% or 96% ethyl alcohol plus a small amount of some 
germicidal agent The compositions of the tubing fluids of the various manu- 
facturers may vary to some extent from time to time In recent years the 
following formulae have been used 

Ethyl alcohol 95%, with phenyl mercuric benzoate 002% or potassium 
mercuric iodide o 3%*or o 1% 

Ethyl alcohol 96%, with phenyl mercuric benzoate o l% or potassium 
mercuric iodide 02% 

Ethyl alcohol 76% and isopropyl alcohol 20%, with potassium mercuric 
iodide 006% 

Alcohol, anhydrous and methanol 3% to 14% and in certain products 
08% to 2 5% iodide 

The alcoholic solution which contains 4 to 5% of water renders the 
surgical gut pliable, so that it can be used for suturing as soon as the tube 
IS opened without having to resort to the wetting procedures required for 
rendering boilable products pliable In one product anhydrous alcohol was 
used with varying amounts of methanol The presence of the latter appar- 
ently induces pliability in the absence of water These alcoholic solutions 
seriously damage the gut if the tubes are heated and, therefore, it is necessary 
to surface sterilize the glass by chemical agents instead of by boiling or auto- 
claving The sterility standard of the gut within the tubes is fundamentally 
the same for nonboilable products as for the boilable, because extensive heat 
sterilization has been earned out in an anhydrous liquid just as is done for 
boilable gut The liquid used for heat sterilizing is then removed to a greater 
or less extent from the tubes, the alcoholic solution is added and the tubes 
sealed 
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Fir 2 — Showing the ‘‘cmul-uon teit” on nonboihhle surgicil gut tubing 
fluid of ten diftercnt compinies T o o 3 cc of alcoholic tubing fluid 3 cc 
of water were added Derinitc etidence of emulsion is shown for Com 
jianies If , IV V, VI , and I\ A aerj slight clouding suggestue of a 
trace of water insoluble component is shown for Companies I , VII , VIII 
ind \ The tube for Companj III is practicallv as clear as the alcohol 
w iter controls at each end of the rack (tubes witbout number) 



Tig 3' — 'Showing supernatant water insoluble liquid obtained from the 
alcoholic tubing fluid of the nonboilable surgieal gut of six different com 
panics To 10 cc of tubing fluid in 100 cc cassia flasks (lower bulbous 
portion of flask not shown) water was added to produce emulsion and this 
was acidified with concentrated HsSOi to expedite separation of water insol 
tible component the amount of which could then be read off as tenths of a 
cubic centimeter in the graduated neck of the flask, each tenth of a cubic 
centimeter representing 1% In this test there was 4 to IS% of water 
insoluble liciuid recovered from four of the products, while in two products 
none was obtained 
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EXPERIMENTS 

4 During the course of the previously mentioned study of the absorption 
of surgical gnt^ it was noticed that certain of the alcoholic tubing fluids became 
white upon the addition of water The full significance of this observation 
was not appreciated at the time Subsequent examination under the micro- 
scope of the white fluid pioduced by the addition of water to the alcoholic 
tubing fluid revealed minute globules of vaiyiiig size which exhibited char- 
acteristic broumian movement It was obvious, therefore, that we were deal- 
ing with an emulsion produced when the alcoholic solution was diluted with 
water , tlius revealing the presence in the alcoholic solution of a water-insoluble 
liquid component The presence of such a component has not been men- 
tioned by the manufacturers on the package labels 

A simple test was devised for determining whether appreciable quantities 
of this water-insoluble component were present in the alcoholic tubing fluid 
The addition of 5 cc of distilled water to o 5 cc of tubing fluid produced 
a creamy emulsion when there was much of this material present This was 
considered a positive test If the solution remained clear it was considered 
negative If a slight turbidity appeared it was considered as indicating a trace 
of water-insoluble liquid A number of tests were run on samples of tubing 
fluids from the products of ten different manufacturers The tubing fluids 
of five of these companies gave strongly positive reactions to this test (Fig 2 ) 

5 ^Ve next attempted to separate the water-insoluble component from the 
rest of the tubing fluid m Older to get a rough idea of how much of it was 
present We were able to do this by acidification Ten cubic centimeters of 
tubing fluid from each of six different companies was placed in separate 
cassia flasks and diluted with 85 cc of distilled water Five cubic centimeters 
of concentrated sulphuric acid was then added, and the flasks securely stop- 
pered and shaken A conspicuous emulsion appeared in four of the six flasks, 
while the fluid in the other two remained only slightly turbid At the end of a 
few days the water-insoluble material had collected as a supernatant layer in 
the graduated necks of the four flasks which had contained the heavy emulsion 
The amount of supernatant liquid varied from o 4 cc to i 5 cc This would 
indicate concentrations of water-insoluble material in the alcoholic tubing fluids 
of from 40 to 150 per cent m these four products (Fig 3) 

6 The cooperation of an independent chemical laboratory was obtained 
in an endeavor to get more exact information about the nature and amount 
of this water-insoluble component which we had found in certain of the 
alcoholic tubing fluids The report of this phase of the work will be made 
independently by Albert E Sidwell, Jr (Annals or Surgery, 118 , 285, 
August, 1943) 

We obtained from this source specimens of the water-insoluble components 
which had been recovered by fractional distillation The relatively high boil- 
ing range of these materials ( 140° to 190° C ) was of particular interest 
This material was used b)’- us in subsequent expeiiments for titration and 
nitiadeimal tests 
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7 Tlie “emulsion titration test” was devised to obtain some quantitative 
data on the water-insoluble component in the alcoholic tubing fluid of indi- 
vidual tubes of nonboilable surgical gut This is based upon the saturation 
point of water-alcohol mixtures for water-insoluble liquids which are soluble 
in alcohol This consists of titrating two cubic centimeters of alcoholic tubing 
fluid with distilled water The end-point is considered to have been reached 
when a persistent cloudiness fiom the emulsion occurs The amount of 



1% 5% io% 15% 

Percentage of Water insoluble Component in Alcoholic Solution 


Fig 4 — Showing solubility of \jlcnc, hi flash solvent and a petroleum derivati\e 
in varying water — alcohol miatures The curves were derived from saturation points 
of different concentrations of these solvents in various water — alcohol mixtures expressed 
in terms of the number of cubic centimeters of distilled water which must be added to 
the various concentrations of these solvents in 95% alcohol to produce emulsion The 
curve for hi flash solvent is practically superimposable on that for the high boiling point 
distillate recovered from alcoholic tubing fluid (Table I) 

water required to produce the emulsion must then be interpreted from a graph 
prepared by titrating known concentrations of the water insoluble liquid in 
alcohol such as is demonstrated in Figure 4 The interpretation of the 
amount of water-insoluble component present depends, therefore, on the 
nature of the water-insoluble liquid (Table I) The curve for hi-flash 
solvent* obtained by titrating known amounts in alcohol was found to be 
practically superimposable on that for the high boiling range fraction which 
was isolated by Sidwell from pooled alcoholic tubing fluid of recent manu- 
facture Therefore, the results of the titrations in terms of distilled water 
may then be interpolated into per cent of hi-flash solvent in the fluid 
(Table II) These results cannot be construed as representing quantitative 
analyses, but rather an approximation of the water-insoluble component be- 

=^Hi-flash solvent, boiling range 163° C to 180° C, an anhydrous hydrocarbon coal 
tar derivative supplied to manufacturers for the purpose of heat sterilization of catgut 
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lieved to be piesent These results, however, have been comparable to the 
emulsion separation tests as well as to the results described by Sidwell Over 
175 tubes of nonboi’able catgut were subjected to this “emulsion titration 
test ” 


Txblp I 

Cc I’aO Required for Titration to Produce Emuision 


% Solvent in 

Toluene 

Xi lene 

T F Dist 

Hi-flash 

Pet 

Der 

Alcohol ■ — 

1 

* 

2 35 

1 92 

1 66 

0 

93 

2 5 

2 4 

1 5 

1 12 

1 13 

0 

51 

5 

1 6 

1 05 

0 68 

0 76 

0 

30 

10 

1 0 

0 65 

0 45 

0 42 

0 

15 

15 

0 65 

0 45 

0 35 

0 31 




Emulsion Titration Test Titrations with distilled water of 2 cc aliquots of various concentrations in 95% 
ethyl alcohol C P of toluene xylene pooled tubing fluid distillate, hi-flash solvent and the petroleum derivative 

Table II 

AMOUNT OF WATER REQUIRED TO PRODUCE EMULSION IN 2 CC OF ALCOHOLIC TUBING FLUID AND THE INTER- 
PRETATION OF THESE RESULTS IN TERMS OF PERCENTAGE OF WATER-INSOLUBLE COMPONENT (W I C ) 

(,Maxtntum~Mtntmum Range) 

Series 1941-42 Series 1939-40 Series 1938 


Company 

H 2 O 

W I C 

HjO 

W I C 

HoO 

W I C 

I 

1 32 cc 

2 0% 

1 5 cc 

1 5% 

2* 

Trace 


2* 

Trace 

2* 

Trace 

2* 

Trace 

II 

62 cc 

6 5% 

45 cc 

10% 

44 cc 

lo% 


91 cc 

4 0% 

2* cc 

Trace 

2* cc 

Trace 

III 

1 1 cc 

3% 

63 cc 

6 5% 

82 cc 

4 5 Vo 


2* cc 

Trace 

2* cc 

Trace 

2 •' cc 

Trace 

IV 

91 cc 

4% 

21 cc 

7 0% 

23 cc 

6 50 /c 


1 42 cc 

1 s% 

64 cc 

2 25% 

87 cc 

1 2% 

v 

47 cc 

9 5% 

52 cc 

8% 

64 cc 

6% 


2 * cc 

Trace 

2* cc 

Trace 

2 * cc 

Trace 

VI 

35 cc 

14% 

24 cc 

? 

2 cc 

? 


71 cc 

6% 

50 cc 

7 

47 cc 

? 


*2 means 2 cc or more of water 

The W 1 C was interpreted from the graph in Fig 4 using the curve which was characteristic of hi-flash 
solvent because the solubility curve of the water insoluble component recovered from most products closely 
resembled that of hi-flash solvent 

In one product the results of the titration test were interpreted in terms of petroleum derivative, which was 
believed to be the w'ater-insoluble liquid during certain years 

In another product the titration tests were not evaluated for past years because data on the nature of the 
water insoluble component was not a\ ailable 

The “Emulsion Titration Tests” showed that over a considerable period of 
time there has been an appreciable amount of water-insoluble liquid present 
in alcoholic tubing fluid of most nonboilable surgical gut products This has 
ranged from a trace to up as high as io% in some products, while in one 
product it ranged from 6 to 14% In some instances it ranged from a trace to 
6%, or a trace up to 2% There was considerable variation in tests made on 
the same product, as well as on different tubes in the same package lot It 
was of interest to find that in one senes of tests on one product, all tests 
showed not more than a trace, while in a subsequent series on this product. 
1 2 out of 1 5 tests showed only a trace 

8 Injection experiments were devised to ascertain whether the water- 
msoluble liquid found in the alcoholic tubing fluids of nonboilable products 

275 



DUNIIAA[ AND JENKINS 


Annaig of Surgery 
August, 1943 

was iriitating to the tissues Intiacleimal injections of o 05 cc of the alcoholic 
tubing fluids of six diffeient inanufactuiers were made in the backs of three 
human subjects Contiol injections wcie made woth 95% ethjd alcohol The 
alcohol injections pioduccd an immediate wdutening of the tissues at the site of 
injection This was fiom 3 5 m diametei About it there developed, 

m a matter of minutes, a wdieal i o to i 5 cm in diameter surrounded, in turn, 
by an erythematous flare approximately 2 cm across This reaction reached 



Fig s — Sliowmpr irritant action of alcoholic tubing fliiuls of si\ (iiffcrent nonboilable 
Iirodiicts as coiiiparcd Mith 95% etlijl alcohol bj intradtrnial tests (005 cc ) in Subject J 
after 24 hours Maximum reaction was obscracd for Companies II, V and \ I Moderate 
reaction uas seen for Companj IV, and slight reactions for Companies I and III The 
least reactions a\erc obtained with 95% ethjl alcohol controls Compare the magnitude of 
the tissue reaction here with the amount of water insoluble component demonstrated m 
Figures 2 and 3, for the scacral products tested 


its maximum in one-half hour and then gradually subsided over a period of 
several hours In many of the tests there was only slight evidence of reaction 
after 24 hours, although in one test theie was pioduced a small area of 
neciosis, 2-3 mm acioss, which subsequently ulcerated In contrast to the 
action of pure alcohol, the alcoholic tubing fluids pioduced immediate reactions 
similar in character to the above but of a greater magnitude, and at the end 
of 24 hours they had all produced lesions m which the central white area pei- 
sisted and, regularly, lead to actual necrosis and subsequent ulceiation 
Furtheimore, the surrounding tissues for a matter of seveial millimeters to 
more than a centimeter were red and inflamed (Figs 5 and 6) A comparison 
of Figure 6 with Figure 2 and Table II brings out rather strikingly the 
tendency foi those tubing fluids which contained an abundance of water- 
msoluble component to produce the laigest skin reactions In some instances 
the lesions after undei going ulceration requned more than a month to 
heal over 
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9 The pooled high boiling point distillate lefeiied to above (Expei 7) 
vas also used foi intiadeimal injections Five-hundredths of one cubic 
centimetei of this mateiial m concentiations of i, 5, 10 and 15 per cent 
m 95% ethyl alcohol was injected into the skin of the back of a human subject 
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1 10 6 — Scale drawing showing the ^arl1tlon in the tissue leaction obtained by intra 
(lenual injection (005 cc) of nnous alcoholic tubing fluids and pure 95% alcohol from 
1 injection The skm of the back of three human subjects was used 

the alcoholic tubing fluids were obtained fiom the nonboilable surgical gut of six different 
nianufacturcrs, indic ited as Companies I, II, etc The area wathin the circle represents 
eritheina, the solid black center represents necrosis The alcoholic tubing fluids of Com 
pames II, V, and VI, appeared to be the most irritating while those of Companies IV, 

111 , and I, were less irritating All of these alcoholic tubing fluids w'ere more irritating 
tlian pine 95% alcohol The magnitude of the tissue reaction appears to correlate with 
the amount of watei insoluble component present in these products as demonstrated in 
Cigures 2 and 3 

The magnitude of cential neciosis and peiipheral inflammatory leaction vaiied 
in proportion to the amount of distillate present The alcohol produced a 
minimal lesion which had almost subsided on the day after injection The 
highei concentrations pioduced lesions vhich lequired several weeks to heal 
Concentrations as lov as one p>er cent of this high boiling range fraction of 
alcoholic tubing fluids are definitely necrosing in alcoholic solution The 
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lesions produced weie similar in all respects to those produced by the alcoholic 
tubing fluids themselves (Fig 7) 

10 Similar intradermal tests were performed upon dogs, using small 
amounts (o 025 to o 05 cc ) of undiluted high boiling range distillates recov- 



Fig 7— Showing intradermal tests (o os cc ) on Subject J, at 24 hours, using known 
concentrations in 95 per cent ethyl alcohol of a mixture of high boiling range (140° i5o°C ) 
water insoluble material obtained by distillation of nonboilable alcoholic tubing fluids In 
concentrations as low as one per cent, this water insoluble liquid produces irritation of a 
greater magnitude (erythema and necrosis) than the 95 per cent ethyl alcohol control 
(erythema which has almost subsided) The lesions produced by the s, 10. and is per cent 
concentrations compare with those in Figure 5 

ered separately from five products All five distillates produced necrotic 
lesions, approximately 2 cm in diameter, which subsequently sloughed and 
ulcerated The immediate reactions resembled those characteristic of xylene, 
and It was not until the following day that the potent necrosing action of the 
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materials was apparent There was no appreciable diffei ence in the magnitude 
of the reaction produced by the distillates from the five different products 
They all appeared to be somewhat moie potent irritants and necrosing agents 
than xylene 

11 Intradermal tests were performed upon dogs with undiluted hi-flash 
solvent and with the material referred to in Experiment 7 as petroleum deriv- 
ative, and which vas believed to represent the water-insoluble component 
present in the tubing fluid during certain years of at least one brand of non- 
boilable gut Hi-flash solvent behaved exactly like the undiluted distillates 
used in Experiment 10, producing on the second day large necrotic lesions 
which subsequently sloughed and ulcerated The petroleum derivative pro- 
duced the same end-result, the only difference noted being a hemorrhagic 
appearance of the necrotic area prior to its breakdown Both of these solvents 
appeared to be more damaging to tissues than xylene tubing fluid 

Tests with various concentrations of these materials in 95% alcohol were 
also made on dogs Hi-flash solvent was used in concentrations of i, 5 j 10, 
15 and 50 per cent, while the petroleum derivative, which is not freely soluble 
up to 50 per cent in alcohol, was used in concentrations of i, 5 j 10, 15 and 25 
per cent Hi-flash solvent, 50% in alcohol, and petroleum derivative, 25% 
m alcohol, produced lesions of a definitely greater magnitude than when 
undiluted In these experiments upon dogs’ skin, which is much more suscep- 
tible to the action of 95% alcohol than is human skin (Exper 3), it was 
sometimes difficult to distinguish the lesions produced by the i and 5% con- 
centrations from those produced by the alcohol controls The 10 and 15% 
concentrations, however, produced lesions obviously greater than those pro- 
duced by 95% alcohol 

12 Intradermal injections were made in dogs using varying concentrations 
of the germicidal agents used by manufacturers for their alcoholic tubing 
fluids The lesions produced were difficult to distinguish from pure 95 % 
alcohol controls Phenyl mercuric benzoate is quite insoluble in water and 
therefore, could not be tested m aqueous solution Tests using potassium 
mercuric iodide, 03% m saline, produced a relatively small area of edema 
in the skin of rabbits but no evidence of necrosis was obtained These tests 
do not exclude the germicidal agents as a source of some irritant action in 
the tissues Such action, if any, however, is negligible in comparison with 
that of the potent tissue irritants, hi-flash solvent, or xylene 


and 2 shows that 
a necrosing agent 


COMMENT 

Boilable Tubing Fluid- — ^The data from Exper i 
xylene is a potent tissue irritant and in some tissues 
Furthermore, xylene from the tubing fluid of boilable gut appeared to be more 
of an irritant to tissues than xylene (ACS) This latter point raises 
the question as to whether the xylene used for the tubing fluid may not 
have been a commercial grade which contained additional irritants not present 

Another possibility is that some irritant material from 
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the gut inaj' have been extracted by the xylene which enhanced its irritant 
pi operty 

It IS suipiising that no one has questioned the practice of using a liquid 
\Mth knoiMi iriitant piopeities as tubing fluid for surgical gut In the experi- 
mental laboraloiy one of the commonest uses of xylene as an irritant is to 
produce vasodilation of the marginal ear vein of the rabbit m order to 
facilitate venepunctuie Xylene has been used to produce steiile inflammation 
by such students of tissue leactions as Rigdoii/ and Hudack and McMaster'’ 
Steinei"* has used xylene in tlie tissues of experimental animals and found 
extensive tissue reactions as well as necrosis 

Aftei a tube of boilable gut is opened it is necessaiy to rendei the gut 
sufficiently pliable for surgical use, because in a completely anh3>’drous state 
it IS bi ittle and stifif The procedui e commonly recommended for accomplish- 
ing this IS immersion for a few minutes in wai m water or saline or wrapping 
it m a moist towel Xylene is insoluble in water and the procedure designed 
primal 1I3 for softening the gut could not be expected to lemove all the 
X3dene Tins can easil3’’ be demonstiatcd b3’- the obvious smell of X3dene 
lemaimng after a piece of gut has been softened in water Manufacturers 
have not pointed out the desirability of eliminating the liquid nhich was 
used as a tubing fluid nor have the3’- called attention to its irritant properties 
Certainly if the xylene tubing fluid is not eliminated from boilable surgical gut 
befoie it is intioduced into the tissue one should not be surprised to find in 
the V ound a tissue reaction due m large part to the xylene left in and on the 
gut lather than to any inherent pioperties of the suture mateiial itself 
It is customar3’‘ in some operating looms to render boilable gut pliable by 
immersion in 70% alcohol This requires a longer period of time foi obtain- 
ing the desiied phabiht3'' than is necessary with waim watei or saline, but it 
has the advantage of removing to a greater extent the X3dene tubing fluid 
Seventy per cent alcohol is not a satisfactory agent foi complete removal of 
X3dene, however, because X3dene is not as freel3’' soluble in this concentration 
of alcohol Ninety- five pei cent alcohol could be used but would require a 
longer peiiod of time as a softening agent than can usually be afforded in 
the operating 100m and, fuitheimore, if one has to lesort to alcohol one might 
just as well use nonboilable gut vhich is already put up in alcohol and is 
sufficiently pliable for immediate use Avhen removed from the tube An 
additional point regaiding the use of alcohol as a softening agent and as a 
solvent for the xylene 1 evolves about an observation in Exper 3, where it 
was found that in certain concentrations of xylene in 95% alcohol there was 
appaiently a greater tissue reaction observed than when either x}'lene or 
alcohol was used alone 

It is probable that some of the recently developed “wetting agents” or 
emulsifiers might be useful in removing the xylene from the gut A relatively 
small amount of one of these in watei will emulsify the xylene and favor its 
lemoval from the gut Studies are in progress to determine what agents of 
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this type might be best suited to the elimination of watei -insoluble iiiitants 
from surgical gut 

Although oui data show that toluene is definitely less iiiitant and neciosmg 
to tissues than xylene it is moie of an iiiitant than is desirable Fuithermoie, 
the use of toluene as a tubing fluid would subject the opeiatmg team to the 
hazaids of inhaling toluene vapoi Theie has been considerable interest 
lecently m the hazaids of inhaling toluene A^apor m concenti ations of 50 to 
200 ppm"^ (a on Oettingen, and coaa 01 kers,®’ and Gieenbuig, and co- 
AAOikers'^) It is not inconcewable that m a busy and not too AA’ell ventilated 
opeiatmg room the opeiatmg team could be exposed to a concenti ation of 
toluene A'apor from the bioken tubes of surgical gut sufficient to produce 
some of the toxic manifestations, muscle mcooidmation m paiticular, de- 
scribed by A on Oettingen XAlene appeals to have A^eiy similar toxic 
pioperties ® 

If manufacture! s are unable to proAude an anhjdious liquid for boilable 
surgical gut aa Inch is not only hai mless to the gut, but also hai mless to tissues 
and nontoxic AAdien inhaled as a vapor it Avould appeal appiopiiate to suggest 
marketing boilable products AAithout any tubing fluid For surgeons Avho aie 
anxious to utilize sutuie material AAdnch is entiiely fiee of extianeous irritants 
this AA'ouId piovide the ideal absorbable sutuie It Avould be necessaiy, of 
couise, to moisten the gut 111 phjsiologic salt solution to make it pliable 

Nonboilable Tubing Fluid — T he data fiom Expei 4 and 5 show that 
theie AAas a aa atei -insoluble liquid present 111 A^aij-mg concenti ations, up to 
15% by A^olume, 111 the alcoholic tubing fluid of numeious nonboilable suigical 
pioducts Neithei the presence of such a liquid noi its natuie Avas indi- 
cated on the package label AAheie the composition of the tubing fluid is 
supposed to be lecorded With the coopei ation of an independent laboiatoiy 
this obserA'^ation AA^as fuither substantiated, and the Avatei insoluble liquid 
identified as a high boiling range hydrocarbon mixtuie 

The explanation foi the piesence of this high boiling laiige AA^atei -mosluble 
liquid 111 the alcoholic tubing fluid is undoubtedly that it repiesents the material 
in aaIiicIi the suigical gut aaus heat steiilized. and this anliAdious liquid Avas 
uot completely remoA’-ed from the tube containing the gut befoi e the alcoholic 
Solution AA as added and the tube sealed The sti ikmg ditfei ences m the amount 
of such material present in the alcoholic tubing fluids fioni dififeient com- 
meicial souces (Table II) make it appeal olmous that there aie fundamental 
di^ftereiices m the aa ay A^arious companies handle this step in the manufactui e 
ot surgical gut Furthermoie, A^ariations Avere occasionally observed in this 
lespect fiom tube to tube and fi om lot to lot in pioducts fiom the same 
in'anufacturer It is apparent from these obseiA^ations that this step m the 
production of nonboilable suigical gut deseiwes considerabl}’’ 11101 e attention 
from the manufacture! s than it has leceiA'^ed up to the piesent time It is onh 
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fair to point out here that some manufacturers have been eliminating this 
material from their finished products to a considerable degree It was 
rather surprising to find, on the other hand, that in some products as much 
as S to 15 per cent of the alcoholic tubing fluid was in all probability the 
liquid which had been used in the heat sterilization process 

The presence of this material in alcoholic tubing fluids would have little 
oractical significance were it not for its striking properties ac a tissue irritant 
In Exper 8 it was shown that all the nonboilable tubing fluids were more 
irritant to human tissues than 9=5% ethyl alcohol Furthermore the deeree 
of tissue reaction induced by these fluids Avas roughly proportional to the con- 
centration of the water-insoluble component It was of some interest that 
even traces of this material in the tubing fluid appeared to cause a more 
noticeable reaction than 95% alcohol It is possible that the tissue reaction 
produced by products having only a trace of water-insoluble component may 
have been due to irritant substances extracted from the suture material by the 
alcohol, or to some denaturant which ma)' have been present in the commercial 
grade of alcohol employed These explanations are probably of minor 
significance, however, in view of the obvious necrosing action in human skin 
of concentrations as low as 1% in 95% ethyl alcohol (C P ) of the pooled 
high boiling range distillate from alcoholic tubing fluids (Fig 7) 

The use of a petroleum derivative by at least one manufacturer, presumably 
to avoid using the irritant coal-tar derivatives did not eliminate the irritant 
factor in the alcoholic tubing fluid because this material or at least the sample 
available to us was no less irritating and necrosing to tissues than hi-flash 
solvent 

In regard to the use of an alcoholic solution for the tubing fluid of non- 
boilable surgical gut it should be pointed out that 95 per cent ethyl alcohol is a 
tissue irritant and protein coagulant Its irritant action in the tissues is, 
however, substantially less than xylene hi-flash solvent, the petroleum de- 
rivative. and even less than toluene Its mode of action is somewhat different 
as pointed out in Exper ^ and 8 It is probable that such irritant action as 
may be obsen’-ed in the tissues from catsrut is onlv secondarilv due to alcohol 
in view of the potent irritant action of the water-insoluble hydrocarbons 
which undoubtedly overshadoAvs the action of the alcohol or is enhanced by it 
In most operatins: rooms there is some lapse of time between the opening- of 
the tube and the use of the catgut and it is hoped that some of the alcohol 
has an onportunitv to evaporate before the gut is introduced into the tissues 
If the alcoholic tubing fluid is relatively free from water-insoluble hydrocar- 
bon. and if the catgut is stretched out and permitted to dry or is moistened 
in saline, it is probable that this Avould represent the suture material of least 
extraneous irritant content which is now available 

The presence of germicidals such as potassium mercuric iodide and phenyl 
mercuric benzoate in the alcoholic tubing fluids offers another source of irri- 
tation, but our limited observations on this point lead us to believe it is rela- 

282 



Volume 118 
Number 2 


SURGICAL CATGUT TUBING FLUID 


lively insignificant in comparison with the potent irritant action of the hydro- 
carbon factor of tubing fluids 

The presence of appreciable quantities of a water-insoluble liquid in al- 
coholic tubing fluids, which was demonstrated to have an irritant action in 
relatively low dilutions in alcohol, and which evaporates more slowly than 
alcohol, could account for considerabe tissue irritation if introduced into the 
tissues along with surgical gut sutures 

The demonstration of a watei insoluble liquid in alcoholic tubing fluid 
by the emulsion tests oi other means does not necessarily imply that such a 
liquid IS an irritant to tissues because some manufacturers may find a suitable 
anhydrous liquid for heat sterilization which is harmless to living tissues 
Therefoie, an}'- residuum of such liquid in alcoholic tubing fluids would not 
constitute a potential source of tissue irritation if carried into the tissues along 
with the surgical gut 

In regard to the identity of the fluid which was found in the alcoholic 
tubing fluids this ma\ be said It has a characteristic odor , a boiling range , 
a solubility in watei -alcohol mixtures , and a tissue irritant action which was 
closely similar to that observed for a hydrocarbon known as hi-flash solvent, 
which IS believed to be the anhydrous liquid used by most manufacturers for 
the heat sterilization of then catgut 

sthmhiary 

1 Xylene, which has been the anhydrous liquid commonly used as a tub- 
ing fluid for boilable surgical gut, was found to be a potent tissue irritant 

2 The alcoholic tubing fluids of nonboilable surgical gut were found to 
contain, in many instances, a water-insoluble liquid the presence of which 
could be demonstrated by the addition of water wdiich produced a white 
emulsion 

The amount of this w'ater-msoluble liquid varied in different products 
package lots, and individual tubes m the same package from a trace to as 
much as 115 per cent by volume of the alcoholic tubing fluid 

4 The irritant action of the alcoholic tubing fluids were generally in excess 
of that observed for gi^ per cent ethyl alcohol, but less than was found for 
xylene The magnitude of irritant action, which in some pioducts was rather 
excessive, was proportional to the amount of water-insoluble liquid m the 
alcoholic tubing fluid 

The water-insoluble liquid recovered from the alcoholic tubing fluids bv 
emulsion separation or distillation was found to be somewhat more of a tiss’^e 
mritant than xylene 

CONCLUSIONS 

I The presence of a water-insoluble hmud in alcoholic tubing fluid of non- 
bodable surgical gut can probably be explained on the basis that it represents 
a residuum of the anhydrous hydrocarbon used for the heat sterilization of 
the catgut, which vas not eliminated from the tube before the addition of the 
alcoholic solution and the sealing of the tube 
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2 In \ lew of the n i itant action of wlene and this water-insolnhle liquid in 
alcoholic tubing fluids, which was probably hi-flash solvent or a siinilai oi 
1 elated anlndious hydiocaibon, a question is raised as to wdiether these liq- 
uids alone oi in combination with alcohol may not be earned into the tissues 
along with smgical gut m sufficient concentiation to have an undesirable irri- 
tant action on the tissues m which the catgut is placed 

3 The use of an anhydious liquid m the heat steiih/ation of catgut to 
obtain nnifoim tiansmission of heat without damage to the gut is conceded as 
a necessan step m the manufactme of suigical gut to msuie the standard of 
steiihti expected h}'' the suigical profession How'ever, it would appear that 
geneial impiocements could be made m some manufacturing methods from 
the standpoint of utih/mg a liquid foi heat steiih/ation which is nonnntating 
to tissues 01 of eliminating from tubing fluids such hidiocarbons as have been 
found to haie nntant piopeities to living tissues 
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FROM THE CHEMiaVL LVBORVTORY, AMERICAN MEDICAL ASSOCIATION, CHICAGO, ILL 

Currently markeied nonboilable suigical gut is packaged in sealed glasb 
tubes, scoied foi breaking at the midpoint Each tube contains a single strand 
of suigical gut with 01 without a spool, a loose papei label insert, and a 
quantity of cleai fluid kno^^n as “tubing fluid” Accoiding to i equii ements 
of the United States Phaiinacopeia, the composition of the tubing fluid used 
in packaging suigical gut must be stated in the labeling of maiket packages 
of the pi oduct 

In the couise of a stud}' of tissue iiritation associated with the tubing 
fluids eniplo3'ed in maiketing surgical gut, Dis H P Jenkins and C L 
Dunham, of the Univeisity of Chicago, obseived that the admixture of watei 
Yith the tubing fluids from some brands of nonboilable suigical gut pioduced 
Yhite emulsions of ■sar}mg tuibidity These investigators found that the 
emulsions thus formed bioke on standing, with the fonnation of watei - 
immiscible, supernatant liquid la}eis of vaiying volume These findings were 
brought to the attention of the A jM A Chemical Laboratory Because of the 
possible serious implications, an independent chemical examination was made 
of the tubing fluids used in packaging nonboilable suigical gut marketed by 
various manufacturers For this purpose, original market packages of size 
one, nonboilable, sterile surgical gut of both plain and medium chromic types, 
representatn e of the products of nine difterent manufacturers, were puidiased 
on the open market for examination 

According to statements found on the package labels, the tubing fluids 
used in the products obtained may be classified as follows 

(a) 95 per cent ethyl alcohol containing vaiying amounts (o i to o 3 pei cent) 
of potassium meicuiic iodide 

(b) 76 per cent ethyl alcohol, 20 pei cent isopiopyl alcohol and phenylniei- 
curic benzoate o 025 pei cent in water 

95 pel cent etliyl alcohol containing phenylmeicuiic benzoate 002 
per cent 

(d) Anil} drous ethyl alcohol containing 10 per cent methanol 

V®) 97 per cent ethyl alcohol containing phenylmercuiic nitrate o 025 per cent 

It IS apparent that this classification includes no v ater-insoluble liquid 
constituents Hovever, the results of this investigation indicate the piesence 
of up to 14 pel cent (V /V) of water-insoluble liquid aromatic hydrocaibons 
in some of the nonboilable suigical gut “tubing fluids” examined The phys- 
ical and chemical propeities of the water-insoluble mateiials isolated fiom 
wiuous^^spmniens lead to the conclusion that the tubing fluid contains mate- 

*Read title before the American Surgical Association, Ivfa}" 13-T4, 1943, 
Cincinnati, Ohio 
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rial closely related to a coal-tar distillate, the so-called “xylene fraction” or 
solvent naphtha Specimens of the hydrocarbons isolated from nonboilable 
tubing fluids in this laboratory were submitted to Doctors Jenkins and Dun- 
ham ^ Injection of these mateiials, when administered either undiluted or 
m the form of alcoholic solutions, pioduced tissue irritation 
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that used by Jenkins and Dunham 


EXPERIMENTAL STUDIES 

Original market packages of size one, nonboilable surgical gut (U S P ), 
of both Type A (plain) and Type C (medium chromic) were purchased from 
a surgical supply house The products of nine different manufacturers were 
obtained The fluids found in individual tubes served as specimens for study 

A Odoi The odor of the tubing fluid contained in individual tubes was 
used as a rough index of the presence or absence of aromatic hydrocarbons 
It was found that tubing fluids, later shown to contain less than o 4 per cent 
( V/V) of aromatic hydrocarbons yielded only the odor of the alcohols piesent 
Positive results obtained by the odor test are shown in Table I by plus ( + ) 
signs 

B Composite Distillate Tubing fluids whose odors indicated the presence 
of aromatic hydrocarbons were pooled and mixed with ten volumes of water 
Sufficient normal sodium hydroxide to render the emulsion alkaline was 
added and the mixture was distilled The initial portion of the distillate was 
cloudy emulsion The distillation was continued until only a single fluid was 
discharged from the condenser The collected distillate was treated with two 
volumes of water, acidified with diluted sulfuric acid, and distilled again, until 
only a single fluid was discharged from the condenser The final distillate 
was treated with two volumes of water and allowed to stand in a stoppered 

286 



Volume 118 
Isumoar 2 


SURGICAL CATGUT TUBING FLUID 


graduated cylinder until the white emulsion broke and a clear supernatant 
liquid layer formed The liquids were separated and the water-insoluble 
material was dried with anhydrous sodium sulfate On distillation, the boil- 
ing point range of this material was found to be from 140° to 190° C ihe 
total distillate was divided into two portions One portion was submitted to 
Doctors Jenkins and Dunham for tissue irritation studies, the other was re- 
tained for chemical examination The isolated fluid burned m air with a 
yellow, smoky flame One volume of the liquid was found to be soluble in 
three volumes of fuming sulfuric acid Qualitative tests indicated the absence 
of halogens, nitrogen and sulfur The refractive index of the liquid was 
found to be i 49 at 25° C , and the specific gravity found was o 861 at 25° C 
It was soluble m ethyl alcohol, methyl alcohol and isopropyl alcohol, but in- 
soluble in water Traces of the material yielded a reddish-brown color with 
concentrated sulfuric acid containing small amounts of formaldehyde 

C Individual Tubing Fluids Material isolated, as described in (B), was 
used as a control substance, dissolved in alcohol, in the further investigation 
of individual tubing fluids An adaptation of the British^ standardized test 
for benzene in air was applied to individual tubing fluids in appropriate ethyl 
alcohol dilution The piepared solutions were transferred to an apparatus 
designed to allow aspiration of a measured volume of air through the unknown 
solution and thence through a known volume of a reagent consisting of five 
cubic centimeters of 40 per cent formaldehyde solution per 100 cc of con- 
centrated sulfuric acid Spectrophotometnc measurements at 500, 550 and 
600 m on the colored solutions obtained indicated the presence of up to 14 o 
per cent (V/V) of aromatic hydrocarbons in the various original tubing 
fluids studied The results are shown in Table I 

D Hydrocaihons from Individual Tubing Fluids Specimens of tubing 
fluid from individual products found by test to contain aromatic hydrocarbons 
were distilled from aqueous solutions as described under (B), and portions 
of the hydrocarbons obtained were submitted to Doctors Jenkins and Dunham 
for tissue irritation studies The isolated materials were found to be com- 
pletely soluble in fuming sulfuric acid and responded to tests for aromatic 
hydrocarbons The boiling points found are shown in Table I 

SUMMARY 

Chemical examination of marketed specimens of nonboilable surgical gut 
(USP), representing products of nine different manufacturers, indicated 
the presence of up to 140 per cent (V/V) of high boiling aromatic hydro- 
carbons m the tubing fluids These hydrocarbons are related to a coal-tar 
distillate known as the “xylene fraction” or solvent naphtha 
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IRRITANT PROPERTIES OE TUBING FLUIDS AS A FACTOR IN 
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In the piCMousl) lepoiled woik on tlK “Absoiption of Surgical Gut (Cat- 
gut')” it was jiointecl out in the chscusMon of the possilile explanations of 
the tissue nutation which frecpiently w'as a'^sociatecl wuth the expeiimental 
catgut implants that this may have been due to iiiitants in the tubing fluid 
such as the xylene of boilable pioducts, the alcohol of nonboilable products, 
oi the watei -insoluble liquid which w'as found to be piesent in some non- 
boilable alcoholic tubing fluids The surgical gut tubing fluids w'ere made 
the subject of furthei study to claiify this point, and prehminar}'^ reports of 
this woik have alread} appeared - 

In the pieceding communication by Dunham and Jenkins'' it w'as found 
that the suigical gut tubing fluids were tissue iiritants of varying degree 
depending on the composition of the "nuid The iiritant properties weie 
evaluated by the intiadeimal injection of 005 cc amounts of the various 
fluids into the skin of dogs and human subjects and observing the lesions 
produced theieby The boilable variety of suigical gut tubing fluid, winch 
W'as xylene, was found to be especially damaging to tissues The nonboilable 
vaiiety of tubing fluids A\bich weie lecoided on the package label as con- 
sisting of vaiious alcoholic solutions containing a fraction of one pei cent ot 
a geimicidal agent, w'as somewhat less damaging to tissues than the xylene 
tubing fluid, how'evei, the magnitude of the tissue leaction w'as frequently 
consideiably in excess of that obtained by 95 pei cent ethjd alcohol This 
excessive iiiitant action of a consideiable piojjoition of the alcoholic tubing 
fluids as comj^aied wnth 95 pei cent ethyl alcohol w'as appaiently due to the 
presence of a w'ater-insoluble liquid in the alcoholic tubing fluids The 
amount of this liquid varied fiom a tiace to as much as 15 pei cent by volume 
in the various pioducts tested The piesence of this Avater-insoluble liquid 
in the nonboilable suigical gut tubing fluids was furthei corroborated by 
Sidwell,^ and identified as a high boiling range aromatic hydrocarbon mixtuie 
related to a coal-tai distillate kiiowm as "xylene fraction” or solvent naphtha 

The piesence of this w'atei -insoluble liquid in the alcoholic tubing fluids 
of nonboilable surgical gut undoubtedly lepiesented a lesidue of the anhydrous 
liquid which w'as used by the manufacturer foi the heat sterilization of the 
catgut and which was not eli minated fiom the tube of catgut befoie the 

*Read by title before the Ameiican Surgical Association, J^lay 13-14, I 943 . Cin- 
cinnati, Ohio 
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alcoholic solution was added and the tube sealed This liquid was found to 
be somewhat inoie damaging to tissues than xylene and its iiiitant action 
could be detected in lelatively low dilutions m 95 pei cent ethyl alcohol A 
sample of the liquid which w^as believed to be the anhydious hydrocarbon 
used by most of the surgical gut manufactuieis, and which has been known 
as hi-flash solvent, was found fiom the standpoint of tissue irritation, solu- 
bility in w^atei -alcohol mixtures, and boiling range to have properties similar 
to the w atei -insoluble liquid which was recoveied from most of tlie alcoholic 
tubing fluids 

The piactical significance of these obseivations on the iriitant pioperties 
of suigical gut tubing fluids depends upon wdiethei the tubing fluids are cai- 
iied into the tissues along wuth the catgut m sufficient concentration to have 
an iiritant action on the tissues m wdiich the catgut is embedded 

In an endeavor to evaluate this point a number of expeiiments w^eie de- 
vised I Weighings were made of catgut to deteimine the amount of tubing 
fluid w’hich lemamed 011 or m the catgut strand after lemoval from the tube 
2 Intiadeimal injection tests w^eie carried out on dogs and patients utilizing 
amounts and concentiations of xylene 01 bi-flash solvent which weie com- 
paiable to that found in the catgut bv the weighing experiments 3 Implanta- 
tions of catgut 111 the tissues were made wuth and wuthout washing pioceduies 
designed to eliminate tubing fluid initants 

EXPERIMENTAL STUDIES 

I Weighing Tests — Bailable Catgut Standaid tubes of boilable cat- 
gut, which contained xylene as the tubing fluid according to the package 
label, were opened, the catgut was wiped wuth a dry cloth and then weighed, 
utilizing a glass-encased high sensitivity scale (sensitive to o i mg ) The 


catgut was 

then placed in a vacuum 

desiccator and removed 

for subsequent 

weighings until such tune as a constant w'eight w'as obtained 



W^eight 

Loss of W^eight 

Concentration of 




Volatile Material 


NO 2 SIZE or Tt pr 

\ II \IN SURCICM CUT 


Ongiml 

0 3612 Gm 



40 minute 

0 3585 Gm 

2 7 mg 


1 hours 

0 3565 Gm 

4 7 mg 


20 hours 

0 3561 Gm 

5 1 mg 

I 1% 


NO 2 SIZE or TMT 

\ PI MN SURGICM GUT 


Ongiml 

3975 Gm 



35 minutes 

3944 Gm 

3 1 mg 


3 hours 

3925 Gm 

5 0 mg 


20 hours 

392 5 Gm 

5 0 mg 


7 d'r\s 

3924 Gm 

5 1 mg 

1 2 8% 


NO 2 SIZE or TV PE C ^MEDIUM CHROMIC SURCICM GUT 


Ongiml 

0 3128 Gm 



35 minutes 

0 3117 Gm 

1 1 mg 


3 hours 

0 3074 Gm 

5 4 mg 


20 hours 

0 3070 Gm 

5 8 mg 


5 11-1% s 

0 3052 Gm 

7 6 mg 

2% 


NO 1 SIZE or TVir 

\ 1 I \IN SURGICAI GUT 


Original 

0 3970 Gm 



45 miiuitcb 

0 3924 Gm 

4 6 mg 


3 hours 

0 3912 Gm 

5 8 mg 


24 hours 

0 3898 Gm 

7 2 mg 


48 hours 

0 5895 Cm 

7 7 mg 

I 9% 
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1 o dcteiniinc the adc()Uricy of the \\ipjn<( pioceduie to eliminate the xylene 
on the surface of the gut additional tests were cairied out in which the sui- 
face xylene wms eliminated b} subjecting the gut to a preliminary ten-minute 
period of vacuum desiccation as soon as it was removed from the tube This 
period of time was apparently adequate for the elimination of the xylene on 
the surface of the gut 


so 2 SIZI OI T\PI C — Ml I)IUM CHROMIC SimnCM CUT 

ConcLiitration of 

W'iirIiI I o-is of \\ Volatile Material 

OriKiii il 0 ISSft (>iii 

10 minutes 0 1442 Gi» 11 -1 iii}, 1 2% 

1 labours I 0 1427 Gm 1 s mg 

20 hours 0 3100 Gin S 2 ing 1 5% 

liHis () 3374 Gni 6 8 mg 19% 

It w'ould appear fioni these observations that practically all of the surface 
xylene was eliminated from the gut by the initial vacuum treatment, m view 
of the fact that m the next hour and one-half only i 5 mg w’ere eliminated 
It should be ot paiticulai interest that the most substantial portion of the 
lesidual xylene w'as not recovered until the follownng day The lesidual con- 
centration of volatile mateiial of 1 9 per cent after elimination of surface 
xylene compaies favoiably with the lesiilts obtained by wiping the gut befoic 
obtaining the original w'Cight 

These obseivations establish the fact that one to two pei cent by weight 
of the laiger sires of boilahle catgut consists of volatile material wdiich ap- 
pears to be w'lthin the strand of gut rather than on its surface The lela- 
tively long periods of time requned to eliminate this volatile material from 
the gut b)' vacuum desiccation is a point of considerable importance Boil- 
ab’e gut must be prepared m a strictly anhydious condition and if this amount 
of weight loss w^ere due to w'ater m the gut it is very probable that the heat 
sterilization process w'ould have seriously damaged the gut wdiich is quite 
vulnerable to heat m the presence of any appreciable amount of moisture 
Therefore, the one to two per cent loss of w'eight wdiich was found after 
elimination of surface xylene was piesumed to lepresent the concentration 
of xylene within the strand of catgut and wdiich w'as eliminated only by pro- 
longed treatment m the vacuum desiccator It is very improbable that this 
w'ould be eliminated by the operating room proceduies customarily utilized 
for inducing pliability of the gut before its use m the tissues such as dipping 
m water, saline or 70 per cent alcohol foi a few minutes 

Nonhoilahle Catgut Standard tubes of nonboilable surgical gut which 
contained alcoholic tubing fluid and a germicidal agent, according to the 
package label, w^ere opened, the frame supporting the gut w^as removed, and 
the strand weighed immediately Then the strand w^as stretched out as is 
customarily done m the operating room as soon as it is removed from the 
tube and weighed again 

Following this, the strand was placed in the vacuum desiccator and re- 
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moved fiom time to time foi subsequent ^^elghmg■s The oiigmal weight 
used foi computing the ultimate loss of w^eight w'-as the leading taken after 
stretching out the catgut, as this is more nearly repi esentative of the con- 
dition of the gut when it is used in the operating room 


NO 2 T\PE A — PLAIN SURGICAL GUT (5% HYDROCARBON IN ALCOHOLIC TUBING FLUID) 

Significant Concentration 
of Volatile Material 


Original 

After strelciiiiig 

W'eight 

0 6240 Gin 

0 s820 Gin 

Loss of W'eight 

42 0 mg 

(Alcoholic Tubing I'liiid) 

1 hour 

0 5204 Gm 

61 6 mg 


20 hours 

0 4840 Gin 

98 0 mg 

16 8% 

1 days 

0 4728 Gni 

109 2 mg 

18 7% 

NO 2 i\i 1 

l — MUJIUM CHROMIC SURGICAL GUT (2% 

ll\ DROt ARBON IN A1 LOHOI 11 1 LBINF I I UID) 

Original 

0 5704 Gin 



After stretching 

0 5348 Gin 

35 6 mg 


1 hour 

0 4717 Gm 

63 1 mg 


2D hours 

0 4403 Gm 

94 5 mg 

17 6% 

3 days 

0 4302 Gm 

104 6 mg 

19 3% 

NO I TAPE A — PLAIN SURGICAL CUT (5}4% HYDROCARBON IN ALCOHOLIC TUBING FLUID) 

Original 

0 5050 Gm 



After stretching 

0 4830 Gm 

22 0 mg 


1 hour 

0 4297 Gm 

55 3 mg 


20 hours 

0 4000 Gm 

83 0 n g 

17% 

3 days 

0 3907 Gm 

92 3 mg 

19 3% 


NO iTAPEC MLDIUM CHROMIC SURGICM GUT 


Original 

0 3600 Gm 



'\fter stretching 

0 1520 Gm 

8 0 mg 


1 hour 

0 3128 Gm 

39 2 ing 


20 hours 

0 2946 Gm 

57 4 mg 

16 2% 

3 days 

0 2887 Gm 

63 3 mg 

17 9% 


These observ'^ations establish the fact that as much as i8 per cent by 

w'eight of the larger sizes of nonboilable surgical gut may be composed of 

volatile material when it is used m the operating loom as soon as it is re- 
moved from the tube and stretched out according to directions of the manu- 
facturer If the catgut is not sti etched out before it is used it may have as 

much as 22 per ceni by weight ot volatile material m 01 on the catgut The 

volatile component of the suigical gut is piesumably the alcoholic tubing fluid 
which, in this instance, w^as lecoided on the package label as 96 pei cent 
alcohol but w'hich also w'as found to contain appieciable quantities of a water- 
iiisoluble liquid which is believed to be hi-flash solvent Thus, w’e have thiee 
components to considei , the alcohol, the w^atei and the hi-flash solvent 
(BP) i 63 °-i 8 o° C In view of the rather striking difteiences m the boiling 
points of these three liquids it would not be suipiising to find some selectivitc 
in their elimination from the gut in the vacuum desiccator The presence of 
18 per cent alcohol by w^eight, of course would mean a considerabh highei 
concentration if estimated fiom the standpoint of Aoliime m view of the 
low^ specific giavity of alcohol Thus, we have to consider that at least 20 
per cent by volume of the catgut is volatile material With this point cstab- 
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Iibhcd w’L must also take into consickMation that tneic may be fiom five 
pci Lent to ten pci cent ol hi-llash sohent in some of the alcoholic tubing 
lliiuls Smgic.il gut winch is put up in such a tubing fiuicl would then be 
expected to have at least a conccutiation of one to two pei cent b}' loluine, 
01 09 pel cent to 1 8 pci cent b\ weight of hi-flash solvent in the gut 

Aside fiom the relative concentiation of xylene or hi-flash solvent, which 
ma} be as much as one to two pei cent in the catgut, one should take into 
consideiation the actual amount jncsent m the length of catgut which is re- 
qiiiicd foi a single hgatuie It leqitires appioximatcly 3 cm of a Xo i-si/e 
catgut foi an oidinau hgatuie if a tuple throw knot is used and the ends ot 
the stiand cut within two to ihiee millimeters of the knot dhere are approxi- 
mately 150 cm of catgut m a standaid stiand Therefore, it one has as niiicli 
as five milligrams or moie, of xclene present in the entire strand one would 
ha\e at least o i mg m three centimeteis of catgut concentrated in a relativel) 
small focal point Similai analogies obtain in regard to hi-flash solvent if 
It IS piesent m five to ten pei cent concentiations in the alcoholic tubing fluid 
Subsequent intiadermal injection expeiiments will clemonstiatc the effect of 
this amount of matenal in the tissues In regard to the alcohol in the iioii- 
boilable catgut theie mat be as much as 1 5 mg of alcohol m a single hgatuie 
of No I catgut, aside from an} hi-flash sohent component 

'these tests demonstrate that it requiies an hoiii of vacuum dessication 
to eliminate 60 pei cent of the tolatile matenal m nonboilable surgical gut 
w'hich would appeal to be alcohol, watei and a trace to as much as 15 per cent 
of a high boiling point h}diocaibon Therefore it is improDable that more 
than half of the tubing fluid would be eliminated by evaporation during the 
course of an ordmarc ojieration if the gut w'as lemoved fiom the tubes at the 
beginning of the opeiation Fuithermoie, it is likely that the matenal with 
the high boiling range would lemain in the gut longer than the alcohol 
Whatevei tubing fluid that fails to be eliminated by evaporation would ob- 
viously be can led mto the tissues along wuth the sutui e 

2 iNTRAnruMAL Tn/hciion Expcrimcnts — To ascertain the action on 
the tissues of relatively minute amounts of the w'atei -insoluble hydrocaibons 
xylene and hi-flash solvent, they were made uj) in varying concentrations as 
an emulsion in physiologic saline solution, wuth the aid of an emulsifying 
agent such as Nmol 737 or Atlas Tween 20 Intiarleimal injections of 005 
cc amounts weie made in the skin of dogs and patients and the lesulting 
lesions obseived 

In the senes of injection experiments on animals, 10 per cent 5 per cent 
I pel cent, and o 5 per cent emulsions of xylene and hi-flash solvent in saline 
weie used The concentiation of emulsifying agent (Nmol 737) in the 10 
per cent emulsion was 2 pei cent m the i pei cent emulsion 02 per cent 
In addition, 10 pei cent, 5 pei cent and i pei cent dilutions of concentrated 
HNO w^ere used for compaiison The results of these tests showed that the 
10 per cent and 5 per cent emulsions of xylene or hi-flash solvent were capa- 
ble of producing necrosis of the skin whereas the i per cent and o 5 pei cent 
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emulsions pioduced small mflammatoi} lesions ^\hlch subsided aftei seveial 
days without pioducmg neciosis The emulsifying agent alone m the 2 
pel cent concentiation produced a small noimeeiosmg mflammatoi y lesion, 
hut m 05 pei cent to o 2 pei cent concentiations the lesion pioduced \\as 
practically negligible The 10 pei cent and 5 pei cent nitiic acid solution 
pioduced skin neciosis ^^hlch \cas somewhat less conspicuous than w^as oh- 
seived for the 10 pei cent and 5 per cent emulsions hut m the i pei cent 
HNO concentiation the lesion was somewhat moie noticeable than the i 
pei cent emulsion piepaiations hut did not go on to neciosis 

In anothei senes of animals 5 cc of Evans blue (T-1824) was injected 
mtiavenously hefoie the intiadeimal injections weie made It w'^as of con- 
sideiahle inteiest to ohseive that emulsion piejiarations as w^ell as the dilu- 
tions of HNO pioduced a blue discoloiation of the skin at the site of in- 
jection w'hich was noticeable within a few minutes and spiead to an aiea of 
1-2 cm about the site of injection This would ajDjieai to indicate that a 
fanly lajnd damaging effect of the capillaiies is obtained with loss of plasma 
at the point of injection Some blue discoloiation occuiied foi the 2 jDei cent 
Nmol as well as foi distilled watei which was also used m this senes as a 
contiol The distilled watei injection pioduced a tempoiai}^ lesion which 
did not go on to neciosis No noticeable blue coloi was found at the site 
of injection ot the saline contiols 01 the o 5 pei cent 01 o 2 pei cent emulsify- 
ing agent (Nmol) 

In the intiadeimal skin tests on patients i pei cent o S pei cent, o r 
pel cent and 005 pei cent emulsions of xylene 01 hi-flash solvent m ph}sio- 
logiccil saline weie used in o 05 cc 01 o 025 cc amounts Nmol in o 2 pei cent 
concentration was used foi some of the 1 per cent emulsions wheieas Atlas 
1 ween 20 was used m most of the tests in o ^ ]3ei cent concentiation in the 
1 pel cent emulsions The moie dilute emulsions contained piojDoitionately 
less emiilsif) mg agent, that is the o i j^ei cent emulsion contained onlv o 05 
pel cent of emulsifying agent Sixteen jratients weie subjected to injection 
tests, the results of which showed that the i per cent emulsions of xylene 
01 hi-flash sohent rather consistently produced a small inflammatory lesion 
at least 1 cm in diameter which could be detected up to one to three w^eeks 
aftei injection as a small area of induiation 01 redness The injection ]3io- 
diiced consideiable pain The o 5 per cent emulsions produced similai hut 
slight!} less conspicuous lesions The o i per cent emulsions jDioduced a 
noticealile mflammatoi v lesion which geneialK lasted foi one to three days 
or sometimes longei although m some instances these weie difficult to detect 
aftei 24 hours The 00=^ pei cent emulsion injections pioduced lelativeh 
tiansient lesions which weie difficult to identif\ alter 24. houis althoimh in 
one patient the lesion couUl he detected foi two days aftei the micction The 
contiols of o ^ pel cent Tween 20 in saline pioduced tiansient lesions which 
weie relatively minimal m companson with the i pei cent emulsions with 
which they were compaied The saline controls did not pioduce anv per- 
sistent detectable lesions Distilled watei contiols produced a tiansient lesion 
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whicii was painful at the time of injection fheie w-as a slight pain sensation 
associated w'lih the 05 j)ei cent Tw'een 20 controls, and sliglitlj^ more paw 
with the o I pel cent emulsions Iheie wms no noticeable chfTerence in the 
ettect of the xylene as compaied wnth hi-flash solvent m comparable dilutions 
111 the same patient 

To compaie the weighing expenments mentioned above with the amount 
of xylene 01 hi-flash solvent used in the intiadeimal tests the follow'ing table 
is jnesented wdiich gives the amount of hvdiocarbon m cubic centimeters and 
milhgiams which is piescnt in the 005 cc of emulsion which was used for 
injection pin poses 


1% 

(I 000 s cc 
VIO.OOO cc 
0 13 iiig 


0 5 % 


n 1% 


0 0002s cc 

25/100 OOo cc 
021 s mg 


0 00005 cc 
S/100 000 cc 
0 043 mg 


0 05% 

0 000025 cc 
2S/1 000 000 cc 
0 0215 mg 


In the weighing expenments it was found that ^ cm of No 1 catgut 
could contain as much as o i mg ol x\ienc or a similai amount ot hi-flash 
sohent if the concentiation of this was 5 per cent or more in the alcoholic 
tubing fluid wdiich w'as not at all uncommon in many nonboilable products 
Theiefore, the amount of irritant hydiocaibon which mac be piesent in a 
single ligature of No i catgut is approx'imatelj midway between the hydro- 
caibon content of the o s pci cent and the o i jier cent emulsion injections 
In view’’ of the fact that these conccntialions of Indiocaibon will piodiice 
evidence of inflaiiimatoij icaction in the tissues of patients w’bich weie sub- 
jected to test it IS reasonable to piesumc that the hvdiocarbon content of a 
single ligatuie is capable of pioducing an inflammatoi}’ leaction about the 
catgut 

In four patients it w^as possible to obtain a microscopic section of the 
lesions produced b} the injection tests The tissue w’as obtained by opera- 
tion, such as amputation 01 excision of a tumor or scar requiring removal ot 
adjacent normal sKin, 01 h) punch biopsv In three of these sections wdiich 
w’eie made through lesions pioduced bv t pei cent 01 o pei cent emulsions 
of hi-flash solvent theie w'as a definite polymorphonucleai leukocytic invasion 
of the tissues wdnch was limited to the 11 ea of injection In the punch biops\ 
of the lesion pioduced by o r pei cent emulsion the leukocytic invasion was 
less maiked (Fig i) 

3 Surgical Implaxts in run Tissues A series of dogs w’ere subjected 
to implantation tests using as many as six different standaid products Some 
of the implantations weie done wnth boilable gut and otheis with nonboilable 
gut The animals were opeiated tijjon under ethei anesthesia, and the im- 
plantations made in the abdominal muscles under aseptic technic, as described 
111 the previously reported work on “Absorption of Surgical Gut ’’ The boil- 
able variety of catgut w’as implanted direct from the tube, after dipping m 
70 per cent alcohol 01 saline long enough to induce pliability, after prolonged 
washing m 95 pei cent alcohol, and aftei subsequent w’ashing in saline Non- 
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boilable products weie implanted after removal from the tubes, and aftei 
prolonged washing in alcohol 

The results of these tests showed that in boilable products there was tissue 
irritation about the catgut implant which was manifest giossly as exudate and 
microscopically as an intense polymorphonuclear leukocytic invasion of the 
surrounding tissues, unless lather prolonged washing in 95 per cent ethjl 
alcohol had been previously can led out and the catgut -dried or subsequently 
washed in saline Even this procedure did not eliminate evidence of irrita- 



Fig I — Showing cel'ular resp'nse 24 hours after the injec 
tion of o 5% emulsion of tubing fluid h>drocarbon 111 patient This 
represents 0215 mg of hydrocarbon The rather striking poly 
morphonuclear leukocytic invasion of the tissues at the site of 
injection is an index to the irritant property of such liquids 
At least this amount of hydrocarbon may be present in the 
length of gut required for two ligatures of iNo i size of catgut 
if the original tubing fluid were xjlene or an alcoholic solution 
Lontaimng 5 % or more of a similar hjdrocarhon, and prepared 
for surgical use by ordinary operating room technics 


tion 111 many instances, although it did tend to minimize it Dipping the cat- 
gut m watei or 70 pei cent alcohol foi a period of time which is adequate to 
induce pliability such as is the custom in operating rooms wheie boilable 
products are used did not appear to eliminate to an}'- appreciable extent the 

evidence of tissue irritation (Fig 2) 

Another point w'hich deserves mention is that in a number of instances 
nhere boilable products were implanted on one side of the abdominal wall of 
dogs and nonboilable products which -were relatively free from hydrocarbons 
on the opposite side, it -ivas found that a rathei striking difference could be 
oliserved on the two sides from the standpoint of extensive edema of the 
abdominal Nvall Nvhere the boilable products had been imjdanted Xylene is 
capable of producing edema of this magnitude in the tissues 
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In the noiiboilablc piodncts the washing m 95 pci cent ethyl alcohol toi 
a da) 01 inoie and subsequent di}]ng usually lesulted in the elimination of 
gross evidence of tissue reaction such as exudate, how'evei, there was inicio- 
bcopic evidence of polymoiphonuclear invasion about certain products which 
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the -woik on the Absoiption of Suigical Gut, it was quite obvious that the 
excessive exudate vhich chaiacteiized ceitain pioducts was substantially le- 
duced by washing in 95 pei cent ethyl alcohol as compaied with what was 
usually pieviously obsened Fuitheiniore, it was obseived that unless the 
alcoholic solution was pei nutted to evapoiate to some extent before implant- 
ing the catgut one may haAe evidence of appieciable nutation in the tissues 
wnthout the presence of any hydiocaibon in the alcoholic solution This is 
not suipiismg in view' of the known iriitant action of alcohol, wdiich was 
fnthei deiuonstiated in pievious injection expeiiments 



I'UG 3— -Showing contrast in tissue response to No ooo size of Tyne C — medium chromic stir 
gut whidi was subjected to the w'ashing procedure in 95% ethyl alcohol and subsequent 
oetore being implanted in the same Tiiinial A Product which relativelv free from 

orignnl tubing fluid tiicI which did not elicit an> appiecnblc polymort)bonuclear 
'"^^I’nuse 1 he imcrophTge fibrcb'ast ind lymphoettic response shown is the character 
lurir response to relatively inert foieicrii matcinl B Product which bad 5%, or nwre, of 

moccl^' ^ alcoholic tubing fluid which was apjaiently not entirely eliminated by the washing 

the notice ible iiolt inoi pbonucleai Icukoc/tic invasion about, and even within, 

,?'^i 's etidence of tissue irritation (Digestion time in pepsin or trypsin of these 

1 ro nets were to a considerable extent comparable ) 

The mam point bi ought out m these implantation tests is that the irritat- 
ing effect of the hydiocaibon in the gut may be substantially reduced m most 
instances by W'ashmg the sutuie m 95 pei cent ethyl alcohol for 24 hours and 
subsequently eliminating the alcohol by evapoiation 01 w'ashing 111 saline 
fills piocedtiie is not lecommended for clinical use because of the possi- 
bility of mtioducmg a factoi of bacterial contamination of the sutme 

COMMENT 

In leview'ing the hteiatuie on suture material and wound healing, one 
me s a consideiable numbei of ai tides wdiich deal wnth the supeiioiity of silk 
cotton 01 stainless steel wne ovei catgut as hgatuie 01 suture material 
icse lepoits deal with clinical and expeiimental studies in wdiich the authois 
loiind that wounds closed with catgut had moie evidence of tissue reaction as 
CMdenccd by ledness mduiation 01 seium foimation weie more susceptible 
to infections, or weie less secure than wounds closed with silk, cotton, or 
stainless steel wne 
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Considerable inteiesl in cntical analyses of the healing of surgical wounds 
has been stimulated by the woik of Whipple, Meleney Harvey, Howes, and 
others This has contiibuted substantially to improved technic and generally 
bettei wound healing in surgical cases 

In Whipple’s'^ leport on the use of silk m the repaii of dean wounds, he 
pointed out that there was a fai largei /one of leukocytes about catgut im- 
plants in the abdominal wall of the lat than about silk, which appeared to 
indicate a more irritative reaction of the tissues to catgut than to silk 
Meleney** found that in experimental observations on dogs that catgut wmunds 
contained more bacteria than silk w'ounds and, on the basis of this and a very 
extensive critical analysis of the incidence of infections and other complica- 
tions in wounds closed with catgut or silk concluded that the use of catgut 
favored the growth of organisms introduced at the time of operation 

Guthrie,’* in a clinical lepoit on 470 smgical operations wnth silk technic 
was convinced that silk had advantages ovei catgut because wounds healed 
with less tissue reaction, serum pockets seldom formed, and infections oc- 
curred less often in silk than in catgut w'ounds Puestow in a series of 100 
thyroidectomies closed wuth catgut as compared with an equal number closed 
w'lth silk, found that an advantage of the silk was a lowei incidence of in- 
fection and serum drainage and better scars Shambaugh,'’ in his review of 
w^ound complications following heiniotomv found that the incidence of sup- 
jnnative w'ound infections in the catgut senes was twice that in the silk 
senes Also he found that minoi wound complications such as hematoma 01 
accumulation of seium weie eight times as frequent in the catgut series as in 
the silk group 

Shambaugh and Dunphy,**’ in then experimental studies on dogs, show^ed 
that operative wounds repaired with silk tolerate bacterial contamination 
better than similar wounds repaired wnth catgut Cutler and Dunphy^^ re- 
ported on clinical and experimental observations on the use of silk m con- 
taminated wounds and concluded that silk could be used in the presence of in- 
fection, and that the degree of infection in the immediate postoperative course 
was less than when catgut w'as used Diinpby and Botsford,^" m their report 
of a study of 600 thyroidectomies closed with silk or catgut found that the 
incidence of nonsuppuiative wound complications such as induration 01 
serum formation as well as suppuiatne complications, w^as substantially le- 
duced in the silk series as compared with catgut, even when it w^as used b}" 
meticulous technic 

In the work of Meade and Ochsner,^'* which has stimulated the use of 
cotton suture material in many places, it was found that catgut produced the 
most reaction in the tissues and the slowest healing as compared wuth linen, 
silk, or cotton, the latter appearing to produce the least reaction and the 
earliest healing 

Babcock’s^^ reports on the use of alloy steel wore for ligatures and sutures 
has been responsible for the use of this material in a number of surgical 
clinics In his obseivations on w'Ounds closed with catgut as compared with 
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alloy steel wire, he felt that catgut produced reactions which letaided healing 
and favored infection One obseivation \\hich was made, which is quite 
pertinent, is that in testing catgut by implanting it in the skin he reported 
that this caused a red flare and a wheal in 24 houis nhich progressed up to 
a week, so that there was a zone of reaction and necrosis about each stiand 
This reaction is identical to that which was observed for xylene 01 hi-flash 
solvent when mjected into the skin Othei favorable reports on stainless 
steel viie have been made by Preston and by Pratt Jones et al 
found that the use of stainless steel wire in place of catgut in wound closure 
for abdominoperineal resections of the rectum had 1 educed the incidence of 
infections from 27 5 to 085 per cent Disiuptions aftei biliaiy suigery were 
reduced fiom ii to i 2 pei cent Kaufman cf al in their study of alloy 
steel wire, observed that dm mg the immediate postopei ative course there 
was distinctly less mduiation ledness and swelling of the tissues wdien ivire 
was used than when othei suture materials w’^eie employed 

In a description of disuipted wounds followmig closure wuth catgut, 
Falhs^® noted “an mflammatou'^ reaction chai actei ized b}’’ excessive edema 
and outpouring of seium ” Although an alleigic phenomenon w^as suggested 
as an explanation, it is possible that this t3fpe of leaction could be caused by 
iriitant hydrocarbons in the catgut 

The various reports which have been summaiized bung out very clearly 
that there is an irritant factoi in the use of catgut which is undesirable from 
the standpoint of optimum wound healing wdien comparisons are made with 
the vanous nonabsoibable suture materials This iriitant factoi appears to 
manifest itself in the wound by indmation, redness seium foimation, low- 
cied tissue lesistance with inci eased susceptibility to infection fioni organisms 
mtioduced at opeiation or fiom the blood stream and retardation of healing 
The one point in common wuth the nonabsorbable suture materials wdnch w^ere 
used as a basis of comparison with the catgut, is that no extianeous irritant 
could be carried into the tissues wuth silk, cotton or alloy wore because these 
are simply heat sterilized in the autoclaAm and then prepared foi use at the 
operating table Surgical gut howevei, has customarily been provided in 
glass tubes with eithei an anhydious hydiocaibon liquid foi boilable gut or 
an alcoholic solution foi nonboilable gut The anhydious boilable tubing 
fluids have generally been xylene although in some instances may have been 
toluene The alcoholic solutions of numerous products have been found to 
contain appreciable quantities of a hydiocarbon wdnch is undoubtedly a 
lesiduum from the heat stei ihzation piocess which w’as not removed during 
the piocess of manufacture befoie the alcoholic solution was added and the 
tube sealed Here, we have a common factoi for the catgut, regardless of 
whether it was boilable 01 nonboilable which is the irritant hvdrocarbon in 
the tubing fluid which our studies have demonstrated In view' of our ob- 
seriations presented in this papei it would appear that a fairly substantial 
part of the tissue irritation which these man\ obser\ers nave felt w'as char- 
aiteristic of catgut when compaiisons weic made with the nonabsorbable 
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niatenals may be clue to the iintant hycliocaihon earned into the tissues with 
the gut The piesence of alcohol in the gut fioni nonhoilahle tubing fluid oi 
fiom dipping hoilahle gut in 70 pei cent alcohol to induce pliability un- 
douhtedly, contiihutes in pait to the tissue nutation It is oui opinion that 
the action of alcohol is of secondaiy impoitance hut not necessaiil}' negligible 
The vaiious lepoita on the use of nonahsoihahle inatciial as compared with 
suigical gut must be finther evaluated, of couise fiom the ‘■tandpoint of 
size of sutme material as well as the opeiative technic to ariive at a fan 
basis of compaiison Howes and Haivcy m then extensive woik on wmuncl 
healing and siEuie mateiial have long stiessed the im])oitance of minimizing 
the bulk of sutuie mateiial m wounds closed with cat'jrut hv lesoilmg to the 
smallei sizes w'hich they dcmonstiated to hive adequate tensile stienglh in 
compaiison wnth the sticngth of the tissiK's aj)])i oximatcd Then work has 
stimulated many suigeons ti utilize a moie meticulous tc liinc imiig lela- 
tivcly sinallei sizes ol catgut which has resulted m a consideialilc inqnove- 
ment in clinical lesults with ahsoihahle sutnc matciia' 1 he mnimn/ing of 
the hulk of sictuie mateiial will of couise dccica'-c the amount of hydio- 
caihon intioduced into ihc wound hut would not ehmmatc this 11 ii ant factoi 
Dunphy and Botsfoicl m then compaiatnc sciics ol cases w'heie the catgut 
was used in lelatively small sizes, by meti ulous tei hinc found that theic 
was still an a])pieciahlc cliffeience between the silk and catgut senes 

Kraissle,-' in his leview of sutuie mateiial hi ought iqi the point of chem- 
ical niitants in the catgut which mav contninite to tiss ie nutation such as 
the liheiation of chiomium howevei in a suhsef[uent peisonal communica- 
tion he was of the opmion that xvlene tubing fluid mac account foi the tissue 
nutation ohseived A\ith hoilahle catgut 

Fuilheimoie we believe that most of the cxcessne tissue leactions en- 
counteied m the pievious woik on the Mjsoiption of Suigical Gut can he 
accounted foi to a laige extent by the iiiitant hycliocaihon factoi of the 
tubing fluid In reviewing the lecoids of this woik, it was found that the 
photomiciogiaphs which poitiayed the least CMclence of polymorphonucleai 
leukocytic response of the tissues to the chionnc catgut imnlants weie fiom 
those pioducts which weie 1 datively fiee from iiiitant hydiocarbon in the 
tubing fluid accoiding to tests earned out on tubes of catgut left ovei fiom 
these expel iments Also it was found that those pioducts wdneh weie chai- 
acteiized by excessne exudate and piofuse pol)nnoiphonucIear leukocytic in- 
vasion of surrounding tissues generally had a high hydiocaihon content of 
the tubing fluid Furtheimoie some of the hoilahle products w'hich were 
tested dm mg this wmik hut wdneh weie not lepoited in detail because the 
tissue reaction was so excessive that it w’as I elieved that some eiioi in technic 
had occuiied, unclouhtecllv deiived then initant piojieilies fiom the xclene 
tubing fluid In some of these tests the entiie abdominal wall was edematous 
and the sinus tract wdieie the catgut implant w^as located had the appeal ance 
of having been sealed by a cautei)^ Cultuies of the exudate w'eie usuall}' 
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bteiile Ihis chi omit cdtgiit usuall\ clisinlegiated into shiecls nithin a week 
01 ten days 

In analv/ing the action of the hydiocaibon in the tissues, it is piohalde 
that the excessive polynioiphonncleai leukocytic i espouse elicited by the ii- 
iitant hydiocaibon contiibutes to a moie lapid onset of the absoiption mech- 
anism In the pievious study, it nas found that catgut was especially vnl- 
neiable to leukocytes Wheievei theie was an excessive leukocytic i espouse 
the catgut uas geneiall} lapidh absoibed, uheieas catgut, uhich did not 
elicit an excessive leukoc}tic i espouse, was geneially absoibed ovei a long 
peiiod of time by maciophages On the basis of such obseivations, it was 
believed that theie weie two fundamental mechanisms of absoiption — the 
leukocytic mechanism of lapid absoiption and the maciophage mechanism 
of slow' absoiption The foimei was associated with extensive evidence of 
tissue irritation the lattei w ith minimal ii i itation 

It IS probable theiefoie, that the extianeous tubing fluid iiiitants induce 
a polymoi phonucleai leukocytic i espouse which hastens the onset of the 
mechanism of absoiption Once this leukoc}tic mechanism of absoiption has 
staited to bieak dowm the catgut it is not unlikely that the pioducts of bieak- 
down may fuither act as niitants to the tissues so that the nutation inaiigu- 
lated by the tubing fluid may be enhanced oi piolonged The combination 
of these two factois may be impoitant in the tissue iriitation wdiich has 
been obseived with catgut The elimination of the hydrocaibon iiritant fiom 
the tubing fluid of chioinic catgut is an impoitant factoi in obtaining relatively 
slow absoiption oy a pi edominantl)' maciophage mechanism, wdiich is the 
charactei istic tissue i espouse to lelatively ineit foieign mateiial Even ex- 
tensive chiomicising will not piotect the gut fiom the attack of an niitant 
induced leukocytic i espouse, which then bieaks dow'ii the catgut by the lapid 
absoiption mechanism instead of by slow absoiption Therefoie chiomic 
catgut which may be adequately chiomicibed by oidinary standaids may 
undeigo lapid loss of tensile stiength and complete absorption befoie it has 
seived its function of appi oximating tissues until stiength fiom healing o^ciiis 
if theie IS an extraneous iiiitant factoi from the tnbinsr fluid 

It W'as of consideiable mteiest to find that the exudate wdneh was foi- 
merly chai actei istic of many of the plain catgut implants w'as substantially 
minimized w'hen these same pioducts w'eie subjected to thoiough w'ashing 
pioceduies Plain catgut is inoie vulnerable to leukocjTic absoiption, and it 
IS piobable that a much smallei amount of iiiitant is leqnned to induce the 
lapid absorption mechanism foi plain catgut than obtains wnth chromic catgut 

SUMMARY 

I Weighing expel iinents have demonstiated that one to two pei cent of 
the weight of boilable suieical gut was lost ovei a period of one to five days 
in a vacuum desiccatoi after elimination of the xylene tubing fluid on the 
suiface of the gut This weight loss piobably represented the amount of 
xylene contained w'lthm the stiand of gut It is veiy doubtful that the usual 
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opeiating loom piocedmes foi mducing pliability of the boilable catgut, such 
as dipping in watei oi saline oi 70 pei cent alcohol would eliminate the 
xylene within the stiand Similai weighing experiments on nonboilable sur- 
gical gut have demonstiated that 18 pei cent loss of weight occurred over a 
peiiod of one to thiee days after removal of the catgut from alcoholic tubing 
fluid and subjecting the strand to stietching, as is customary m the operating 
room after removing the gut from the tube In view of the ohserv^ations 
previously reported by us, and Sidwell, that as much as five to ten pei cent, 
or more, of the alcoholic tubing fluid may be composed of a high boiling range 
hydrocaibon it is assumed that the weight loss would account foi a piojxu- 
tionate amount of this hydiocaibon Ihis would imply the presence of oy 
to I 8 per cent by weight of hydrocaibon in the catgut strand, which is com- 
parable to the amount of xylene accounted foi 111 the boilable gut 

2 Intradermal injection expeiiments m dogs and patients have demon- 

strated that I per cent, o 5 per cent, and even o 1 per cent emulsions of xylene 
or hi-flash solvent in saline will pioduce inflammatory lesions which are char- 
acterized by an initial capillary dilatation, edema, and subsequent leukocytic 
infiltration These concentiations represented the injection of 043 mg, 
o 215 mg , and 0043 > respectively, of the hydrocarbons 

3 In con elating the weighing experiments with the injection tests, it would 
appear that the saline injections with one pei cent hydiocarbon are com- 
parable to the minimum concentiation of hjdrocaibon which was believed to 
exist in the gut undei the conditions desciibed Fiom the standpoint of 
actual amount of hydrocarbon, it should be pointed out that the intradermal 
injection of 0043 mg of xylene or hi-flash solvent was capable of producing 
an inflammatory lesion in the skin and that a single ligature of No i-size of 
catgut may contain more than twice this amount of hydrocarbon 

4 Implantation tests of surgical gut in the abdominal muscles of dogs 
demonstrate that the conspicuous tissue reactions which have been previously 
observed by us, and otbeis in the use of catgut may be substantially reduced 
if the catgut is thoroughly washed in 95 per cent ethyl alcohol and subse- 
quently dried or w'ashed m saline This pioceduie did not always eliminate 
microscopic evidence of iiritation, especially in such pioducts as had a high 
hydrocarbon content of the tubing fluid Elaboiate washing pioceduies how- 
ever, are not recommended foi piepaiation of catgut in the operating room 

CONCLtrsiONS 

1 The amount of initant watei -insoluble hy^drocarbon from tubing fluids 
which in ordinary operating 100m technic may be carried into the tissues 
along with surgical gut, is adequate to explain a substantial part of such tissue 
irritation as has geneially been attributed to properties of the catgut pei 
The presence of alcohol in the gut from nonboilable tubing fluid or from 
washing proceduies for boilable gut piobably contributes in part to such 
11 ritation 

2 From the standpoint of obtaining optimum wound healing in surgery, 
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It IS obvious that the intioductiou ot tubing fluid iiiitants into the tissues 
along with suture material is not m the best inteiests of the patient or the 
surgeon 

3 The elimination of tubing fluid irritants fiom suigical gut should result 
in geneially better clinical results with the use of absorbable suture mateiial 

Appreciation is expressed to Lillian Eichelbergci , PhD, of the Dept of Medicine 
for her coopeiation in carrying out the weighing experiments 
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SURGICAL PRINCIPLES OPPOSED TO “RULE-OF-THUMB” 

IN THE TREATMENT OF COMPOUND FRACTURES'^ 

Clay Ray Murray, M D 

Nlw York, N Y 

The trcatmeni or ^^ouNDs enibtaces a laige part of the honzoii of 
suigical inteiests at the piesent time This, naturally, has been productive 
of marked inciease in the numbei and lange of investigative activities on the 
subject of compound fiactuie tieatment In studying the piolific literature 
in this field coAermg the last yeai oi two, one is stiuck by the predominance 
of statistical analyses based on the eAect of single factois in tieatment Fiom 
the statistical side, some of the woik has been veiy accurately, con- 
scientiously and painstakingly done, with conclusions based on wdiat mathe- 
maticians term “statistically significant figiiies’’ The punch-caid system of 
analysis has been a gieat aid in the gatheiing of such actuarial figuies These 
may accurately indicate the peicentage chance which a wnund has of escaping 
infection undei the routine use m a consecutive series of cases of a given 
procedure or a given combination of piocedures On the other hand, such 
data are of very doubtful value as criteria for tbe treatment of aity given 
patient Moreover, I feel moved to question seiioiisly the wnsdom of attempts 
to establish procedures foi routine application in the treatment of com- 
pound fractures No matter how sound the statistical basis foi the conclusions 
drawn as to the percentage of success w'hich may be expected fiom the 
routine^employnient of a given therapeutic ptoceduie o laicjc senes oj cases, 
the adoption of that procedure as a loutine automatically dooms to failuie, 
from the outset, a certain percentage of them To make such data of 
clinical value m the treatment of the individual case, it is of vital impoitance 
that we know when not to follow a procedure wLich is oidinarily successful 
In other w'ords, it is essential that we employ no procedure w^hich has a 
percentage of failures as a loutine, but that we establish ciiteria enabling us 
to judge as to when its use is sound oi unsound, in older to eliminate, insofai 
as possible, the failures inherent m the use of a loutme procedure This 
cannot, unfortunately be based upon tbe study of individual factors Eveiy 
compound fracture presents a closely knit combination of a laige number of 
factors which must be considered, so to speak, as a w'^oid, not as a group of 
letteis A gnen group of letteis can give a gieat many ditferent answers in 
the way of wmrds dependent upon the arrangement and relationship of the 
letters Our interest must be m what the letters spell as much as in wdiat 
they aie The possible combinations of the laige number of factors en- 
countered in the treatment of compound fractures aie numeious and wndely 
varied If all the permutations of such combinations could be accurately 
plotted, with an indicated course of procedure foi each permutation, there 
wmuld be no need for such things as surgical judgment oi surgical principles 

* Read before the American Surgical Association, Maj^ 13-14, 1943, Cincinnati, Ohio 
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^Ve could then have mles foi treatiiient 1 have no doubt that this might 
be a mathematical pioblem capable of solution, but it would entail a statistical 
study somewhat astionomic m piopoitions and bewildering in its complexity 

1 have no doubt that at least some of the studies being made on the efifects 
of individual factois m tieatment aic planned as piehmmaries to studies of 
the effects of various combinations of factois and on the interrelationships 
of those factois This tends to lead to the w'^elteimg complexity of statistical 
study suggested above Unfoitunately, and I am certain, contiary to the 
desiies of some of those making such piehminary studies, the statistical 
data to date aie being too generally inteipieted m teims of rules for action 
When a statistical study of the lesults of w'ound closuie in compound frac- 
uies IS announced showing that, in a given senes, a highei moibidity to infec- 
tion was observed in those left open than in those closed, the populai inteipre- 
tation is apt to be in teims of the dictum “close youi compound wounds ” The 
statistical lesults m a series may continue to be favorable following such 
a lule, but the lesults to ceitain individuals m the senes are disastrous, 
although it may well be that the authoi had neithei the intention noi desiie 
to have his statistics so interpieled Similai lathei general false interpi etations, 
for instance, have lesulted fiom statistically accurate findings that extensively 
“debrided” wounds show a higher morbidity to infection than do those 
minimally “debrided,” and that w'ounds m which extensive or prolonged 
lavage has been used show a highei rate of infection than do those m w'hich 
little or no lavage has been used Another w'ay of mterpietmg such findings 
might be, perhaps, that wounds of such charactei and extent as to call for 
extensive debiidement and lavage aie apt to show' a higher morbidity to 
infection than those not lequiimg such tieatment Ihis, of couise, is quite 
a diffeient viewpoint 

Have w'e any ciiteiia, apait lioin statistical studies, on which to base 
the proceduies to be used i/i tlie individual case, and aie those criteria a 
soundei basis foi the tieatment ol the individual than such statistical data 
as W'e have indicated above ^ I belieie the answ'ei to both questions is in 
the affirmative, and that the catena aic w'hat aie known as suigical pimciples, 
and that the lole of statistical study should be principally to analyze the 
failures of any given proceduie fiom the standpoint of w'hat suigical principles 
w'eie violated in the use of the proceduie m those cases If our accepted 
surgical pimciples are wiong, w'e should abandon them, and should evolve and 
adopt other catena which peimit us to decide as to w'hat is the best thing to do 
foi the problem presented by the individual patient, rathei than criteria 
which determine what procedure can be used m a laige senes of cases w'lth 
the least number of preordained individual failures 

I believe that a logical analysis of the whole problem allows us to establish 
relatively simple criteria on the basis of wdneh w e can decide in the individual 
case W'hat procedures should be used, and how they should be used Such 
an analysis is no more than a review of established surgical pimciples and 
standaids and their bases Of this I am well aw'aie but it appeals to me 
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not only timely, but a sober and steadying influence which may not be amiss 

It should embrace discussion of 

1 The problem presented by a compound fiactuie 

2 The necessity for regaiding tlie wound and the fractuie as paits of 
of the same pi oblem 

3 The necessity for dealing with both these pioblems simultaneously 
at all times 

4 What It IS desiied to accomplish for the wound and foi the fractuie 
by the procedures employed 

5 The basis for decision as to proceduies to be employed m any indi- 
vidual case 

6 The procedure now in common use oi advised foi common use fiom 
the standpoint of the accomplishment of tieatment aims 

1 — THE PROBLEM PRESENTED BY A. COMPOUND FRACTURE 

This may be veiy simply stated in broad terms The pi oblem is that 
of preventing the t)atislatton of contamination into clinical infection if possible , 
the minimizing of the damage done by infection if it develops , the healing 
of the damaged tissues in as short a time as possible Mith a minimum of 
residual tissue disability and defoimit}'- All the indications fot therap} 
to bone and soft parts aie contained in this statement 

2 — THE NECESSITY FOR REGARDING THE WOUND AND THE FRACTURE AS PARTS 

OP THE SAME PROBLEM 

This is a vital viewpoint in the foimulatmg of sound piinciples foi tieat- 
ment in compound fiactures Theie is often a distinct tendency to regard 
the wound of the soft paits and the wound of the bone as different problems 
lequirmg separate consideiation Nothing could be moie deterient to sound 
and logical consideration of tieatment The soft pait lesion cannot be treated 
as one entity in accordance wuth cei tain pi inciples and standards, and the 
bone lesion as another and separate entity involving the employment of 
different pimciples and standaids This is tiue wTethei considering the 
problem from the standpoint of infection, of wound healing, oi of lesidual 
disability or deformity 

S — THE NECESSITY FOR DEALING WITH BOTH THESE PROBLEMS SIMULTANEOUSLY 

AT ALL TIMES 

It IS essential at all times to legaid w'hat is being done as being done foi 
the whole wound and to view'^ each pioceduie used fiom the standpoint of 
Its effect in meeting the geneial problem m both bone and soft parts The 
view^pomt that our first oi majoi consideiation should be the question of 
infection in the soft parts may lead to deplorable results in the bone lesion 
The viewpoint that the accuiate reduction of the fiacture is the essential 
featuie of treatment may lead to regrettable soft pait complications The 
lealization that the treatment of both bone and soft parts is based on the 
simultaneous application of the same pi inciples to both lesions at all times 
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leads to a minimum of lesidual damage in both This essential viewpoint 
IS brought out in the discussion of procedures which follows 

4 — A\TIAT IT IS DESIRKD TO ACCOMPLISH FOR THE AVOUND AND FOR THE FRACTURE 

BY THE PROCEDURES EMPLOIED 

This IS, 111 effect, the answei to the question “How do we attempt to 
meet the pioblem stated undei i, above may expiess our desires 

and the reasons for them as follows 

Ij the Lesion is in the Stage of Contamination 

a For obvious reasons, to remove as much of the contamination as 
possible, and to add as htt’e as possible We must realize that we cannot 
remove all contaminating oiganisms, and that the tissues have to deal with 
those left behind 

b To remove as much dead and obviously devitalized tissue as possible 
with as little additional damage as possible Dead and devitalized tissue 
acts as a cultuie medium to fuinish pabulum for the organisms left behind 
Thiough the local accumulation of products of its autolysis it is a definite 
handicap to the biochemical progiess of liony healing m fracture Primary 
fiactuie healing must he conceived of as taking place in the tissue immediately 
surrounding the fi actui e rathei than fi om hone-end to hone-end, and optimum 
conditions for piimaiy fractuie healing demand the presence of living vascular 
tissue for the pioduction of the undifleientiated connective tissue about the 
fiacture site which is the medium foi so-called primary callus formation 
From the standpoint, then, of both wound and fiacture healing, as well as 
fiom the standpoint of minimizing the chances of tiandation of contamination 
into infection, the elimination of dead and devitalized tissue insofar as is 
possible IS a sound desideiatum 

c The elimination insofai as possible of dead spaces within the wound 
This is a pi inciple accepted as sound in all other surgical procedure It should 
he sound here It involves not only the surgical exposure and elimination 
of dead spaces wdiere indicated hut also paiticulaily meticulous hemostasis — 
the approach to a dry wound — to obviate the creation of dead space con- 
taining pabulum for bacteria by the formation of subsequent hematomata As 
adequate a i eduction of the fractuie as is possible is an obvious corollary of 
this principle, if it be sound 

d As adequate and accuiate a closuie of the w'ound as is possible without 
the cieation of tension w'lthin it at the time of closuie o; subsequent to the 
time of closuie The closuie w^e desire to shorten the healing time, to 
minimize the subsequent scainng and deformity, and to minimize the 
opportunity for subsequent additional contamination of the wound The 
principle applies to the closuie of the bone poition of the w^ound — i e , frac- 
ture reduction — as positively as it does to the soft part of the w'Ound We 
desire to avoid tissue tension because w^e believe that its existence leads to 
impaired wound healing, and to impaiiment of the tissues’ ability to deal 
wuth the organisms still remaining in them In addition, tension in the soft 
parts surrounding the bone seiiouslv impairs the minute circulation therein — 
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the circulation of the fluids in the tissue spaces, the lymphatics, and the 
ultimate capillaiies It is this cii dilation which is of such vital importance in 
lestonng, aftei injury, the biochemical status in the tissue fluids which is 
essential to the deposition of calcium in the healing tissue about bone to foim 
callus From the dual standpoint then, of preventing the translation of 
contamination into infection and of piomoting bone and soft-part healing, 
the development of tension within the tissues of the wound must be prevented 
at all times From this standpoint, the accuiacy of i eduction of the fracture 
itself — i e , the closing of the hone wmund — must be considered from the 
standpoint of the degiee of violence necessary to attain complete and accuiate 
reduction m terms of lesultant tissue damage, inflammatoiy leaction, and 
resultant tension wuthin the tissues Complete fiacture i eduction, simultan- 
eously wuth complete w ound closui e is ideal and desii able The i eal question 
to be answered in the individual case is to what degiee is it wuse and safe 
e Rest of the wound until the risk of tianslation of contamination 
into infection has been passed, and until the healing of the wmund has been 
adequately initiated This applies, if the pimciple be sound, equally to both 
soft paits and bone as pait of the same problem, although chionologically 
the answ'ers to the two are dififeient Rest of the noninfected wound in the 
soft parts until healing is adequately initiated is a question of days Rest 
of the noninfected wmund in the bone, on the same basis, is a question of 
wrecks The necessity for contaminated bone and soft-part wound rest, until 
the period of infection risk is passed and until healing in each is adequately 
initiated, is absolute The ideal tieatment wmuld allows of functional activity 
of the soft parts and bone, if possible, simultaneously at the early date It is 
possible by some methods of treatment foi the bone wmund to accomplish an 
approach to this ideal To be safe and successful they must maintain rigid 
fixation of the bone fragments — i c , bone w'ound rest — until the healing of the 
bone wound is safely established — i e , until callus formation is adequate to 
maintain the edges of the bone wmund fiom sepaiating — wdiile functional 
activity of the extremity is being carried out Rigidity of fixation of the bone 
fragments in compound fractures, because of this factor, is even more 
important than in the simple fracture I am certain that mobility at the 
fracture site is a potent factor in detei mining wdiether or not contamination 
in compound wounds is tianslated into infection and wdiether or not the bone 
IS involved seiiously if infection does develop 

Ij the Lesion is m the Stage of Injection 

Treatment of these wmunds is on an entirely different basis from that 
governing the treatment of contaminated wounds The surgical principles 
underlying the treatment of infection are to provide adequate drainage with 
the elimination of pocketing to remove any foreign material present , to avoid 
opening up channels foi spread of infection , to provide rest for the wound 
until the infection is adequately controlled , and to provide the patient wuth 
w'hatever aid w'e can to enable his tissues to control it These principles 
again appty equally to soft-part wmund and to bone wmund, and, obviously 
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and grossly, modify our piocedure No question here of debridement as 
hereinafter defined, no question of closure 

5 — THE BASIS FOR DECISION AS TO PROCEDURES TO BE EMPLOYED IN ANI 

INDIVIDUAL CASE 

a Is the case contaminated oi infected^ In some respects this is a 
good deal like asking the question “How long is a piece of stung ^ ” How- 
ever, there are certain definite things one can say In the first place, all 
compound fractures are either one or the other, whether the compounding has 
occurred from within or from without If they are considered contaminated 
they should be treated as contaminated cases If they aie considered infected 
they should be tieated as infected cases Too often, tbe procedure adopted 
attempts to split the difiference, or the wound is considered neither infected 
nor contaminated — a dangerous attitude to assume The extent of the 
procedure followed must be influenced b}' a number of factois Tbe numbei 
of hours elapsed between time of injuiy and time of wound treatment is by 
itself an inadequate cnteiion as to the probable status of tbe wound The 
circumstances undei which the wound was leceived (to include the locale, 
possible types of contamination, the probable babitual condition of cleanliness 
of the patient’s skin and clothing covering the wounded legion) , the type 
and severity of the violence and the amount of tissue damage present beneath 
the skin and subcutaneous tissue rathei than the sue of the skin w'ound , 
the adequacy and piomptness of the first aid tieatment accoided both soft- 
pait and bone wounds, all these must be consideied in addition to tbe actual 
lapse of time m deciding tbe question in teims of wmund pathology 

Each of the possible combinations of these various factors has a different 
significance in determining w'hether oi not the lesion should be view'ed 
as contaminated oi as infected, and, theiefoie, as to wbat principles should 
be followed in handling it 

The amount of tissue lemoval to be piacliced in a given contaminated 
case must be detei mined by not only the amount of tissue damage present, but 
by the nature of the damaged tissue and the potential disabilities or risks 
occasioned by its removal, the amount of gioss contamination present, 
the press of time by reason of the patient’s condition, oi by leason of othei 
factors at times encounteied — particularly in mihtaiy surgeiy — and by the 
region of the body involved Upper and low^ei extremity wmunds dififer re- 
maikably and radically in lespect to healing characteristics and moibidity 
to infection, although all othei factors involved may be appaiently identical 
The extent to w^hich the wound may have to be extended w'lll be governed 
by the size and location of dead spaces, by the evidence of tissue damage and 
contamination, by the necessities of adequate hemostasis, and by tbe dif- 
ficulties to be encounteied m wmund closuie 

The necessity foi cleansing, but noniri Rating lavage of tbe wmund, and 
the amount of such lavage, wull be governed by the size of the w'ound, bv 
the amount of gross contamination oiiginallv piesent, and that, of necessity, 
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left behind aftei tibsue leinoval, by the piesenee oi absence of foieign bodies 
iMthin the tissues, by the niiinbei of dots encounteied and by evidence of 
contaniination having been earned into the depths of the wound 

The degiee of aceuiacy of i eduction of the fiactuie, and the method 
employed in attaining it, must be governed by the natuie and location of 
the bone mjuiy, by the time available foi the piocedtire, by the amount 
and significance of the additional tiauma inflicted and by the equipment 
and assistance available foi canying it out The method to be employed m 
the individual case is that method ^\hlch, undei all the paiticulai ciicum- 
stances, will come neaiest to an ideal of “wishing’ the fiagments into satis- 
factoiy position And no mattei what method is used, it must be employed 
wath this object m mind and not meiely wnth the object of lestoring bony 
anatomy as evidenced i oentgenologically This is the closure of the bone 
wound, and it should be governed by piecisely the same principles as closuie 
of the soft-pai t w ound 

The closuie of the soft-pait w'ound must be governed by evidence of the 
cieation of tension at the time of closuie, the cieation of tension later by 
leason of mflaimnatoiy swelling m the tissues, the degiee of hemostasis 
obtainable at the time of closure and immediately thereafter by piessuie 
diessings, etc , the degree and type of contamination piesent originally and 
after w'ound toilet, the amount of dead and devitalized tissue left m the 
w'ound, the piesence or absence of foreign bodies and the necessity or 
advisability for coveiage of structures wfiiich, uncoveied, do badly (such as 
tendons, nerves, periosteum stiipped of soft paits, and the actual site of 
fiactuie) Exposed peiiosteum, stiipped of soft-pait attachment oi covei- 
age, acts much like exposed tendon 

ihe degiee and extent of time to which lest of the solt-pait poition of 
the wound must be emplojed is dependent upon local ciiculatoiy factors, 
on the degiee of healing necessaiy to peimit functional activity ot the 
paiticulai soft paits imohcd and on the tension to which that soft-pait 
healing is subject by leasoii of difficulties of closuie, lathei than by the length 
ot the wound, m addition to the time necessaiy to be leasonably ceitam that 
the contamination left in the wound has not been tianslated into infection 
The fact that wounds heal from side-to-side and not from end-to-end, is of 
inipoitance in this lespect The degiee and extent to which rest of the bone 
poition of the wound must be enforced by immobilization of the wfiiole 
poition of the body involved is dependent upon the availability of equip- 
ment and skill for the carrjnng out of the various methods employed In 
general, that method is most advantageous which allow'^s of the greatest degi ee 
of voluntary muscular activity wuthout endangering the rigidity of fixation 
of the bone fragments at the fracture site The healing of the fracture site 
IS the bone wound healing, and the wound edges must be kept at rest until 
the healing is sufficiently established to stand the strain of functional activity 
On the other hand, there is no question but that voluntaiy activity of the 
muscles of the pait is a potent factoi m detei mining the probability and 
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speed of progress of bone healing, piovided the bone fragments are at rest 
In the employment of any method, then, one must aim at seeming the 
maximum of voluntary musculai activity consistent with rigidity of the 
fragments at the fiacture site — no moie and no less 

6 — THE PROCEDURES NOW IN COMMON USE OR ADVISED FOR COMMON USE FROM 
THE STANDPOINT OP THE ACCOMPEISHMENT OF TREATI^IENT AIMS 

Emei gency oi Fvst Aid 1 1 eatinenf 

To properly aid in the canying out of sound piinciples of treatment this 
should he applied as soon after injmy as possible without adding to, oi 
more widely distributing, the wound contamination already present and 
should protect the wound from fuither contamination and should control 
hemorrhage It should lender and keep the injuied soft parts and hone as 
quiet as possible until definitive treatment is iindei taken, and should inflict as 
little additional trauma as is possible Abstinence fiom washing about the 
w'ound or the use of antiseptics as fii st aid measui es is indicated 1 he prompt 
covering of the wound wnth adequately protective steiile dressings, of the 
pressuie dressing t3q)e if necessary to control hemoirhage, is indicated 
Tourniquets are contraindicated unless pressure dressings fail to control bleed- 
ing As extensive immobilization as possible, preferably wnth the em- 
ployment of constant fixed traction, is indicated As legards the prophy- 
lactic use of chemotherapy, locally and by mouth, there w'ould seem to be 
certainly no contraindication provided that if used locally m the w'ound it is 
as a thin film rather than m laige masses and provided that by eithei mode of 
administration it is not relied upon to make it safe to delay definitive w'Oiind 
treatment By the at present ai ailable data chemothei apy must be used as a 
hope in the event of unavoidable delay and as a hope m the attempt to 
prevent local or general sepsis It must as yet be regaided as an adjuvant 
to surgery, and not as a substitute foi it I do not believe its use wai rants 
the abandonment, m any respect, of what haie, up to now', been considered 
sound surgical principles or of the proceduies jiiopeily employed to cany 
out those piinciples 

The Employment and CJiaiactei of IVoiind Dcbi idcmcnt oi JPoiind 
Diainage 

I must preface my discussion of this point with an apology to puiists 
for my use of the term “debridement” in describing what I have in mind 
I am aw'are that the term in its strict and literal sense does not embrace all 
that I use it to describe By debridement I mean the lemoval of dead 
devitalized and contaminated tissue from a contaminated wound w'lth the 
elimination of dead spaces and foreign bodies w'lthin the wound To be 
justified, debridement must be undei taken foi a contaminated wound, and 
it must remove as much of the affected tissue as possible and eliminate 
dead spaces and foreign bodies, in keeping with the principles previously 
stated A so-called debridement which does not accomplish this, or one w'hich 
distributes contamination more widely which lemoves clean and wable tissue 
which inflicts an appreciable amount of damage in the doing or wdiicli 
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cieates dead spaces ithm the ound is insult added to injuiy It is not good 
suigeiy In an infected uound, as ganged by the piobabihties evaluated 
heietofoie, diainage should he adequate foi the infected aiea, prefeiably 
dependent, should attempt no lemoval of tissue othei than surface contamina- 
tion, and should lemo^e foieign bodies ^^hen possible Invasion of sound 
tissue violates pimciples 

Lavage of the w ound should have foi its pui pose i emoval of contamination 
fiom the vound To accomplish this it must pioceed fiom the base of the 
well-ieti acted vound, vith sufficient head to give a visible and foiceful flov 
fiom the depths out\\aid The amount of saline used (and saline is adequate) 
IS fai less important than the late and foice of flov A lavage so conducted 
that the fluid lakes m the vound, with little if any foice of flow^ selves 
piobabh to geneially distiibute what contamination is piesent It is obviously 
not cari3'ing out the piinciple involved One might make the compaiison 
between the cleansing effects ot a tub bath and of a shower In a tub 
bath the individual laves all paits of his liody m the contamination fiom 
all other parts, in a showei he washes the contamination fiom his body 
Lavage of a wound should have the eflect of a showei from within not 
of a tub bath 

Local chemotherap) following this wound toilet must be subject to the 
same restrictions as mentioned m discussing its piophylactic emplo}ment 
I do not believe theie is at piesent justification for alteiing the surgical 
ciiteiia foi wound closure in any lespect because of the use of chemotheiapy 
on the basis of the data now available Systemic chemotherapy is justified, 
but onl) on the same basis wnth the added warning that severe kidney and 
livei damage can result not onl) from ovei dosage, but fiom extiemely 
moderate and shoit-hved dosage in susceptible individuals 

Wound Closuic — Sojt Paii 

No one can deny the advantages of a closed wound ovei an open one 
fiom the standpoint of wound healing tune and charactei, the minimizing 
of secondaiy contamination, and from the standpoint of aid in the bone 
healing piocess Tension, at the time of closuie, oi latei, is a definite tin eat 
how'evei, which may far outweigh these advantages The degiee of tension 
to be iisked must be based upon an e\aluation of the various factois listed 
undei the pimciples involved in wmund closure as jDiesent in the individual 
case The use of leleasing incisions of flaps, and other plastics must be 
considered and may be of advantage in securing closure without tension 
The use of elevation and of pressuie dressings may be of distinct aid m 
pi eventing intratissue tension duiing the inflammator}'- reaction in the 
subsequent days When, how^evei , pi imar}^ closui e entails a degi ee of tension 
which, in the individual case, is a definitely recognized, oi even probable, 
risk, I feel stiongl}'- that it lequiies considerable justification The placing 
of untied sutures wuth a mcw’^ to a delayed closure guided by the same 
pimciples wdien, and if. the w^ound has proven clean, oi no closure at all is, 
I believe a safei and sounder piactice, moie in keeping wuth surgical pimciples 
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JVoitnd ClosHic — Bone 

1 lie bone wound should be closed — that is, the iracture should he reduced 
■ — at the tune of soft-part wound closuie It should be accomplished to tlie 
maximum degree possible without violating the piinciples laid down pre- 
viously, and by the method which under the circumstances of equipment and 
peisonal skill is apt to inflict the least damage commensurate with reduction 
adequate for the part involved It is unsound thinking to label one method 
as universally preferable to anothei Familiarity nith all the potentialities 
of a theoretically infenoi method combined with the skill and armamentarium 
adequate to tianslaic those iiotentialities into fact are iar more important 
lactors than the theoretic excellent e ol a method in the absence of similar 
familiarity, skill, and adequate aimamentarium in deciding the method to be 
employed m carrying out fiacture reduction that is sound in principle The 
essential thing is that no matter what the method used it must be used to its 
maximum efficiency in putting those principles into practice 

The same commentaiy holds true as to the methods to he consideied foi 
giving lest to the hone wound — fracture fixation oi immobihration No mattei 
what the method used, it should be employed so as to exert, to the maximum 
Its potentialities m giving rigid fixation or rest to the fracture site or bone 
wound, until the hone healing process is capable of functional strain and it 
should employ, to the maximum degree possible, voluntary muscular activity 
as soon as fear of tianslatton of contamination into infection has passed and 
the soft-part wound healing is capable of standing the strain of functional 
activity 

Time does not permit of the detailed evaluation of the vaiious methods of 
fracture reduction and fixation from the standpoint of then mutual theoretic 
advantages and disadvantages That they one and all, should be used to 
carry out, to the greatest degiee possible, definite principles is the essential 
featuie for the successful use of any of them 

Discussion — ^Dr Frank L RtELENCY (New York) Doctor Afurray has obviously 
directed his criticism at the statistical study of contaminated wounds, the results of 
which have been reported (A)Nnals of Surgeri , ii8, 305, August 1943) If one goes 
about ti vmg to pi ove something by means of statistics, I admit that figures can be distorted 
so as to simulate proof but if one goes about frying to find out something, statistics maj 
be of real value This we have tried to do 

Statistics so studied are more likely to bring out and support principles than thev 
are to lay down “rules-of-thumb ” “Rules-of -thumb” are charactei ized by having no 
weights or measures They are what a cook uses to bake a cake, and a good cook can 
make a good cake, and a bad cook, a very bad cake by “rules-of-thumb ” But that is 
precisely what statistics are not Summary sheets which attempt to cover all of the 
factors involved m a given problem permit more or less precise measurement of tliese 
factors, and punch-cards which permit cross tabulations permit an evaluation of the 
relative importance of the various factors involved Figures so obtained must then be 
subjected to the formulae of the biostatisticians in order to rule out the element of chance 
Under these circumstances, if statistically significant figures are obtained which 
seem to conflict with a principle, we must study the matter carefully to find out if it 
was really a principle or a preconceived notion 
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Doctoi J^Iurray has been a student of fiactures for many yeais and has woiked 
out certain principles tor their tieatment which I will not question But during the past 
year while he has been directing one of our units studying compound fractures, he has 
seen’ more compound fractures than in all of the ten yeai s preceding And I know, 
for a fact, that he has modified some of his methods of treatment, and I believe he 
has modified some of his ideas about them, perhaps not as a lesult of our figures as 
much as the result of his own evpeiience If he had not learned something during the past 
\ear I would have questioned the elasticity of his cerebial arteries 

It IS a duplex if not a complex pioblcm It combines the pioblem of the healing 
of the bone and the problem of healing ol damaged soft parts m the jnesence of bacterial 
contamination, the natiiie and extent of which the surgeon docs not know when the 
case comes to his hand J he soonei he docs know tliat the bcttci w'lll he he able 
to evaluate tlie possibilUe of his attaining his piniiosc of getting bon\ union and soft 
part function and of pieienting infection The iindcilving piinciples dnectmg the 
surgeon to accomplish the desiied cnd-icsult with legaid to healing of the bone and 
the free movement of suiioiinding muscles and iieighhonng joints may be m conflict with 
the principles undci lying the pie\ention oi ticatmciit of infection Ficquently it is 
necessary to compioinisc one principle to gain the othci Foi example, to get good 
alignment and approximation of bone ends it is impoitant to pieseive as much of the 
bone as possible Howevei, liadly contaminated bone ends oi detached fragments inav 
be retained when, from the point of view' of infection, the contaminated bone and 
loose fragments sliould be removed Similarly, the insertion of a foieign body, like 
a metal plate and firmly driven screws, may immobilize the bone fragments but cany 
organisms deeply into the bone and cause necrosis of bone around sciew'-holes oi next 
to the plate There is ahvays some bone necrosis around skeletal traction wires or pins 
or skeletal fixation pins, and necrotic tissue is a fertile soil in which infecting organisms 
may gam a foothold The desiie to obtain early function of surrounding muscles and 
joints ma> urge early motion when, from an infection standpoint, immobilization of 
both joints and muscles would seem to be indicated 

Recently, another factor has come in which must be considered and evaluated, namely, 
chemotlierapy That may involve a conflict of principles The new drugs may inhibit 
bacterial activity and, at the same tune, interfere with wound healings, act as foieign 
bodies, or change the metabolism of the tissues so as to materially delay bony union 

It is only by studying the cases as a whole as well as individual cases, trying to 
measure and weigh as accurately as possible the result and the effect of these new 
agents of treatment, that we can gam knowledge which will further improve our 
results ill this interesting and complicated field of surgery 


R Calvix M Sm\th, Jr (Wynnewood, Pa ) It is a relief to hear somebody 
rccmiihdsize the fact that general surgical principles have not been thrown out of 
the window by the mtroduetion of chemotherapeutic measures 

^ ^*^^ore this Association, I had the pi ivilege of discussing Dr Philip 
V\ ilson s paper on compound fiactures, and, at that time, I had occasion to * say that 
we had been using the closed plaster encasement treatment of compound fractuies foi 
some fifteen years and that, wdiile during the past two years we had introduced sulfa 
rugs into the wound in the treatment of compound fractures, we had failed to see any 
1 erence in the results that we obtained since the introduction of sulfa drugs ovei 
the results we obtained previousl)' 

I am glad to say that we have the courage of oui convictions, and for the past 
year have intioduced no sulfa dings into the wounds ot compound fractures that 
tlebridement*^*^ definitive surgery within the time limits ordinal ily accepted for 


1 T n^''i Doctor Murray for bringing this matter before the Association, 

anc link that a few contributions of this soit will serve to prevent the treatment 
o compound fractures and wounds fiom being turned back seventy-five jears Cer- 
am j t lere were heroes befoie Agamemnon, and heels before Acliilles 
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Dr I'RASER B Gijki) (Aloiitreal, Canada) I want to suppoit what Dr Cal\in 
Snnth has said in icfcrcnce to the \aluc of Doctor Muiraj^’s contiibution I am not 
quite sure that seventh -h\e leais i egression might take place, hut the unquestionable 
suigical principles must hold if we arc to ticat wounds m this war and in industrial 
and load accident'', and dining and following the w^ar 

At the risk of perhaps appealing to be facetious, I shall read o\er ten principles, 
as I see them, that make for adequate wound healing, whethei such wounds he asso- 
ciated with fiac tines oi not The\ aie all as joii will notice, based upon the lettci 
‘E’ If am one of these featiiies is not possible, difliculties aic eert iin to rise latei 
in the com sc of the individual case 

(i) Eailv opeiation, (2) enlaigcmcnt of the wound in oidei that interstitial 
tension mu be oieicome and pieiented, that (3) cvploiation of the wound mav he 
adeqiiatch eaiiicd out, that (4) exti action ol foreign bodies ma\ be brought about, 
(5) excision of dcMtahzcd tissue ma\ take place, (6) the exhibition of germicides and 
bacteriostatics, (7) the establishment of (cm tain) diainage, (8) encapsulation of the 
pait foi the exclusion of seconclarj mleetion, (9) enicicnt iinmobilization, whether that 
be by piastei 01 bv other means, and (10) the elimination of freciiicnt dressings 

Dr Wii I lAM Darracii (New' Yoik, N \ ) I do not want to discuss principles 
and 1 do not want to discuss statistical methods 1 do not want to discuss chemotheiapi 
1 would like to bring out what our main objectnes aic in ti eating compound fractures 
First and loiemost, comes the saiing ot life Second comes the eientiial rctiiin 
of function to the highest possible dcgiee Third comes the cutting down of the 
peiiod of disabihti 

It we trj to laj' down flat inles, which will be followed under all circumstances, 
we are lost and beaten at the start I think todai, with the problem brought to 
such gicat impoitance because of war conditions, the question of surgical judgment 
IS bi ought into plaj much more than it is in cnilian woik 

In civilian w'oik, Albert Kcj', and a few othei lucki men, can close all their 

compound fractures Under battle conditions I think eery few can 

In apphing surgical principles we have to use horse-sense and surgical experience 
to the nth degree The multiple factors that enter into a decision, which must be 
made without bactenologic ciidcnce, because that is lacking at the time of the prmiaii 
operation, icquire everj thing that we can put into it 

Some of these factors are The condition of the patient at the time he was injured, 
the condition of his skin and the paits of his clothing of the tcirain, of the mjuiies 
associated w’lth that compound fractuie, with the time elapsed since his mjuri 
the kind of the first-aid treatment he had, from the time he was hurt until he came 
into the opeiating loom, the amount of immobilization he had dining that time, and 
the amount of time that can be spent bv the suigeon on that individual case, which 

wall depend on whethei the case comes to him m a quiet lull, when he can spend all 

the time he W'ants, 01 w'hcthei he is lushing through a large batch of wounded 

Those are simplj' a few' of the factors w'liich must enter into the pi imai \ decision 
as to just w'hat you are going to do at the time with that induidual case How' aie 
vou going to save his hfe^ How are you going to gi\e him a seriiceable leg 01 ainU 
How' long IS he going to be disabled^ 

I think unless w'e have something to fall back on, besides a flat “rule-of-thumb,” 
w'hei eby we have to “use our beans,” w'c are not going to gi\ e these boi s a square deal 
For that reason, I think that if we can leain and undei stand and then apply, w’lth 
suigical judgment, fundamental principles, we will get farther than if w'e tiy to treat 
them all bv some flat rule 

Dr Ciai Ra\ Hurrax (New' York, N Y closing) There is little to sav m 
closing this discussion except to reph to some of the comments made 

It is perfectly true as Doctor Aleleney has stated, that w'e have introduced some 
changes m piocedure into our tieatment of compound fractuics at the Presbyterian 
Hospital since this study began These changes w'ere introduced in older to aid the 
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study and not bcoause of change in oui attitude As a lesult of a yeai s experience 
with those changes I am firmly coiiMiiced that the niajoi ones weie ill-founded and 
should be discontinued 

As legards the use of chemotheiapy it can be safely said that theie has been, 
to date, no comiiicing evidence to piove that the introduction of chemotherapy into 
a compounding Mound has exeited any influence on the iiioibidity of such ivounds to 
infection The original report of the cases at Pearl Plaiboi made stioiig claims in 
this legard, but subsequent developments m the same cases have cast a gieat deal of 
doubt on the validity of the original repoits 

On the other hand, there is no coinincing pi oof that chemotherapy intelligently 
emploved localh has done any harm to the patient It has been claimed that local 
chemotherapy mterfeies uith wound healing, but it is considered probable that ill 
effects on v'ound healing have, at least in manv instances, been due to the use excessive 
amounts rather than to the action of the diug itself Basing our opinion on the 
consensus rathei than on the opinion of any one mvestigatoi we must conclude that 
there has been no conclusne evidence adduced to support the idea that local chemo- 
therapj is harmful I can theiefoie see no objection to its use — in fact, I think it 
should be used I think, however, that it should be used as a hope and not as a 
lehance, and most certamlv not as a substitute for the adequate carrMug out of sound 
surgical principles 

Debridement, as the teim is commonb' undei stood, and lavage have been brought 
into serious criticism bv some investigations Debridement is designed to remove dead 
and devitalized tissue, to remo\e contamination, and to eliminate dead spaces in the 
wound If done so as to carrv out these purposes the piocedure is sound If, on the 
other hand, it is so carried out that infection is cai i icd into the depths of the 
MOund and extensne tissue damage is inflicted, it sho ild not be done Lavage of 

the M'ound has been criticized because statistical evidence seems to show that those 

wounds which aie extensnely lavaged ha^e a higher rate of infection than those 
less extensivelv lavaged 

This can be stated in quite a different \va3q as I ha^e noted in the paper Theie 
is, hovever, this additional point to be considered in lavage The piocedure is supposed 
to remove contamination, not to introduce it In considering this factoi, one might 

stress the compaiison between a bath and a showei When an individual takes a 


tub bath he inerelv assures himself of the fact that he has evenly disti ibuted all ovei 
his bodv the contamination present on aiw one pai t of his body When he takes a 
shower, on the other hand, he washes from his bodv all contamination If a wound 
lavage is done using a low head of pressure for the solution so that the fluid staj^s 
laked in the wound for the most nait, and if the tube introducing the fluid is placed in 
the supeificial paits of the MOund, the procedure mav introduce and distiibute infection 
it IS a wound tub bath If the lavaee is done v ith a soft rubber catheter carefully 
introduced to the depths of the Avojnd and Avith a head of pressuie sufficient to 
produce a isible f oi ceful and outwai d flow of the fluid, it i emoves contamination from 
the wound — it is a nmund 'hower from within 

I should like to sav that the thoughts expressed by Doctor Darrach have been 
considered in the paper as prepared foi publication not only in regard to the principles 
invohed but in leterence to the rationale bv which methods of treatment cany out 
these principles The emphasis ■should be placed on the principles to be cai ried out 
latiei than on the method by which they are carried out The tendenej'^ is to place 
stiess on the ro itme use of a method A method of pioceduie ylnch will produce 
satis actorA results in no per cent of the cases on M^hich it is routinely used excites 
in me the most heartfelt s-^mpathv for the unfortunate ten per cent Avho are doomed 
to ai lire from the beginning bi the routine use of the method, and who aie statistically 
insignificant 
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This acute disease of childhood and adolescence and, infiequentl}’’, of 
adult life, IS inainl} due to staphylococcus oi streptococcus Of the two 
oiganisms, staph} lococcus caused ovei 90 per cent of all cases in this and 
other series^ The oiganism gains entrance to the blood stieam through 
lesions of the skin, of the mucous membrane, or the tonsils The blood 
becomes contaminated and the organisms are deposited m certain areas of the 
body It has been shown expei imentally that a iscera, muscles and bones may 
de\elop abscesses In bone the areas involved are the epiphysis, the met- 
aphysis, and the periosteum Theic has been miKh woik done to explain the 
occuiience of abscesses at these situations-’^ 

A study of the autopsy recoids of patients dvmg of this disease sho\\s the 
same distiibution of abscesses as in the experimental animals dying of it 
(Table I) The pictuie piesented is that of a geneial infection Heart, 

T\mi I 

I 1 SULTS, 01 \U101S\ IS ll tVSISOI \CUI1 OSII OMM 1 Ills 


Tot'll number of dutopMC' SI 

Acute pericarditis S i 

\cutc pleurisj oi empvciii 10 

Abscesses or infarctions lu luii(,s 22 

\bsccsscs in kicbici s 1 6 

\cutL arthritis 9 

Metastatic osteomyelitis 4 

Subciitaiieoiis an"! iiiterniiis< ular ibsi esses <> 

Abscesses in nuocirdiuni 7 

Vbscesses in th> roid plaiid 1 

\bscesses in spleen i 

\bscesses in prostate I 

\bscesses in liver 2 

\cute duodenal iikcr 1 

No piemic lesion lonnd 6 


kidneys, livei and spleen aie involved with mflammatoiy aicas The lung 
has aieas of patchy pneumonia, and thrombophlebitis is pioniinent in all 
lesions In view of these findings it is stiange to think of osteomyelitis as a 
local surgical condition, and it is, therefoie, rational to look foi an agent that 
will assist in pi eventing this appalling chain of full-blown septicemia Ye 
have all been familiar with the treatment ot the recent past First and always 
surgical interference with the local lesion as soon as it could be identified , 
later, interference, perhaps when an abscess could be identified the while 
the patient had supportive treatment with fluids, etc We have gone through 
a stage of giving antitoxin But the moitality records prior to the adminis- 
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tration of sulphonamides was about 22 pei cent in oui senes On the 
whole the lesults were poor from the moitahty standpoint There are appar- 
ently no records of the mortaht)’- rate m cases of osteomyelitis that did not 
have the benefit of surgeiy’ Yet we have all seen the late case, one that 
has survived the early acute phase and has come to hospital with a single 
lesion, either undrained or opened spontaneously We have seen, too, the 
case of Brodie’s abscess, umecogmzed m its formative stage, but discovered 
and recognized as a lesion of the bone yeais latei Such cases amply demon- 
strate natuie’s ability to deal with the acute phase of osteomyelitis in such 
a way as to prevent a fatal issue, and indeed alone and unaided, to cure the 
disease I strongly suspect that so-called undiagnosed and untreated cases 
w'ould show no such mortality as 20 pei cent 

What are the methods used by nature to subdue this invasion^ Ninety 
per cent of the deaths in the past ha\ e occui red in the first and second weeks 
The natural antitoxin developed as a reaction to toxin is useful in dealing 
wuth the toxin elaborated, but has no efifect on the extermination of the 
invader The human organism kept fiom being overwhelmed wath poison, 
IS capable of producing and maintaining agencies, phagocytes, bacteriolysin, 
etc , that directly attack and destioy the imadei While this conflict is pro- 
gressing the patient afflisted has all the signs of a leaction and until the 
balance is well in fa^or of the defence that leaction is veiy obvious, both 
generally and locally Fiom then on theie is no leal leason wdiy the defence 
should not greatly mciease its pow^ei so that the geneial invasion is wholly 
under control The wdiole s}stem of defence is appaiently piedicated upon the 
extermination of the mvadei 01 at least containing him until protective sub- 
stances can be developed and he can be bi ought iindei control The work of 
LeieuF gives a good retoul ot a su])ei\ised. non-/ 01 late mteifermg treat- 
ment It was published before tbe advent of the sulphonamides, and is a 
testimom of what is possible by simple medical means and late operation 
In his series of 31 cases he had nine deaths six occin 1 mg the da\ of admission 
or the following day, one on the seventh day of meningitis and one on the 
eighth day of general septicemia The ninth case was the only one that did 
not recene early surgical treatment, and he succumbed two months and five 
days after admission to hospital of caidiac failure Of the 23 that suivived, 
SIX had eail}’- surgical interA^ention , thiee simple incisions of abscess, one 
trepanning, and twm simple lesections The 17 otheis were tieated first 
medicalh’’ Surgical intervention was postponed from three to Ag da3'^s, all 
excepting one being simple incision of abscess One child had a resection on 
the ninth day following spontaneous discharge from the epiphysis One case 
had no surgical intervention His rule was to wait for the fall of the tem- 
perature before opening the abscess 

It IS now' well established that the sulphonamide drugs are capable of 
effecting a condition in the blood that will inhibit the growth of organisms 
Y e should, theiefore, test the possibilities of this drug as an aid m treatment 
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It would seem lational to attempt to mtiocluce into the blood, at the eailiest 
possible moment, a sufficient quantity of duig to lendei innocuous, oi 
impotent, oiganisms that aie m the blood stieam oi m leacb of body fluids 
In the case of the staphylococcus paiticulaily, wbicli operates by means of 
a toxin high in neciotirmg qualities and the production of thrombosis, if is 
mgent to admmistei the chug at the earliest possible moment and m quan- 
tities sufficient to the need How gieat the need mac'^ be can onl}' be detei- 
mmed accuiately aftei the event, so that the assumption ot the need is all 
that is lequiied foi the heavy admimstiation of the chug It is oui piactice 
to give cbildien of about eight yeais of age 8-io Gm dail\ We aie thus able 
to maintain levels of fiom 6 to 12 mg pei cent m the blood Laigei doses 
may be possible, even desiiable, but at tins level we have bad a numbei of 
leactions The relation between the drug adminisleied and the concenti ation 
in the blood vanes gieatly m cbtleient individuals Some, when gnen 
sulpbathiazole 10 Gm , will be found to ba\e a blood level of 4 mg pei cent 
only, while the quantities may be 1 excised m othei cases Foi instance, T H 
xxas given sulpbatbia/ole 6 Gm dailv for 16 daxs and bei blood lex el never 
xvent higbei than 3 mg per cent She then bad a leaction, and bad no drug 
foi txvo and one-half davs She xxas then gix'en sulpbadiazene 6 Gm dail>, 
and the blood level 1 ose to 1 1 9 mg per cent 

The otbei cases in this senes reacting weie as follows 
J H , age eight and one-half Given 8 Gm of sulpbatbiazole dailx tor one 
xxeek then iiici eased to 10 Gm dailv foi five dajs Diug discontinued foi 
txvo days because of high fevei Started on sulpbadiazine lo Gm dailv foi 
nine days, then discontinued because of high fevei and lasb All diug dis- 
continued foi tbiee xx^eeks then lestaited on sulpbadiazine 6 Gm danx foi 
three xveeks, then discontinued because box*^ xxas complaining of sexeie 
abdominal pain This stopped xvhen drug xxas discontinued, and chug has 
not been 1 estarted Blood levels 4 5 to 8 5 mg pei cent 

L L , age nine Given sulpbatbiazole 8 Gm for one xx eek then discon- 
tinued because of rash All diug discontinued for six da}s then lestaited on 
sulpbadiazine 5 Gm daily for six days Rash leappeaied so all diug discon- 
tinued Blood levels 4 to 8 3 mg per cent 

E F age nine Sulphathiazole 8 Gm daily foi nine days then sulpha- 
diazine 9 Gm daily for seven days then all chugs discontinued because of high 
fex'cr and lash Blood levels 2 to 13 9 mg per cent 

R N , age ten Sulphathiazole 8 Gm daily for 1 3 days then discontinued 
because of high fever No drug foi 2a houis then staited on sulpbadiazine 
8 Gm daily Was able to tolerate sulpbadiazine for sex'eial months in dif- 
ferent dosages Blood levels 6 5 to 12 3 mg pei cent 

J LaR age ten Sulphathiazole 7 Gm daily for 13 days then discontinued 
because of high fevei Restarted on stilphadiazme xxhich he toleiated for a 
long peiiocl of time in ditlerent dosages Blood levels 3 3 to 12 mg pei cent 
B. W , age eight Sulphathiazole 6 Gm foi foui days, then discontinued 
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foi 24 houis, then lestaited on sulphacliazme 8 Gm daily Blood levels i to 
10 I mg pel cent 

It has been piOAed that pathogenic oiganisms can become ding-iesistant, 
and that piohabh also happens with staph} lococciis and stieptococcus 
This Avould lead ns to beheie in laige doses while the oiganisni is still 
vnlneiahle Reactions to the diug m use ma} make it necessaiy to discontinue 
its administration Thus when a patient is having sulphathiazole admmisteied 
shows signs of a rash, high teinpei ature, nausea, 01 blood in the uiine, w^e 
discontinue it foi a few days and then begin again wnth sulphadiazine It has 
been found that this may then he borne for the lemaindei of the peiiod desiied 

The question of initial laige doses is so urgent that one is not justified in 
testing out the patient to estimate his abiht} to toleiate the ding Theie 
is appal ently no evidence available that patients who do not toleiate the drug 
without leaction are not benefited fiom its action The sensitivit}^ or alleigy 
occurring m some patients fioni the diug cannot be foietold in all cases b} 
skin tests, as some gnuig no skin reaction iiiav leact Molentl) to the diug*’ 

There is not as much nausea caused by the di ug as is comiiioiily believed 
It should be remenibeied that the veiy ill patient is often nauseated before the 
adniinistiation of the diug and nausea is not a valid leason foi not giving the 
diug The problem of the peiiod dining wdiich the diug should be adiniii- 
isteied IS priniaiily imolved with the need, and, secondaiily, wnth the 
sensitivity that develops m the patient 

The drug does not militate against the patient’s ability to develop his 
piotective substances against the toxin of the bacteiia While antitoxin 
has been found to have been ineffective in having aii}'’ bacteiicidal value pet se, 
yet it IS knowm to neutiahze the toxin Sulphonamides do not inhibit the 
antigenic pow ei of the toxin While thei e is much less toxin pi oduced f 1 oni 
degenerating oiganisms, still what toxin theie is has the power to laise the 
natuial antitoxin against the specific infection' — wntness the rise in the staphy- 
lococcus titeis in the cases in his senes This is an impoitant point, as the 
production of ininiune bodies is of gieat value m ovei coming an infection 
Again the rise in the staph} lococcus titer of a patient is of diagnostic value as to 
the lecognition of the organism, since m cases that have leceived treatment 
eaily it is not often possible to lecover the geim fioin eithei the blood or the 
local lesion wdieie the latter is not opened 

1 lie question of positn’^e blood cultui e IS one that is frequently discussed as 
leing an endence of the degree of infection piesent A study of our cases 
c oes not appeal to follow any such pattern The constanc}'^ of the finding 
ot oiganisms m the blood of a patient cannot be accuiately foietold fiom his 
c mical condition Experimentally, w'^e know'^ that a lethal dose of organisms 
nia} be mti oduced into the blood and in a few minutes none can be recoveied 
and latei can be recoveied ‘ Since the introduction of sulphonamides the 
picture of the 1 elationship of positive 01 negatii'^e cultures to degree of infection 
IS moie obsciue than evep, The only lational basis for study of the disease 
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seems to me to consist m the piesence of a local lesion, loentgeiiologic changes 
being obligatory In addition, there may be the lecovery of the germ from 
the blood oi pus, and the stapln lococcus titei \\hich indicates the specifiL 
1 eaction to the antigen of the toxin When these conditions ai e fulfilled one 
has osteomyelitis 

Reports of cases tieated by use of the drug ^^lth no incision of the 
lesion m bone, have been reported b}’^ Hoyt, ct al ® The}'^ report no deaths 
in the 12 cases reported These cases were all staplwlococcus This series 
constitutes a unique record, and must give thoughtful surgeons reason to 
leassess the whole problem of the treatment of acute osteoni} ehtis If 
cases will survive spontaneoush on the one hand, and if 12 consecutive 
cases will survive the acute phase with medication bv sulfonamides the part 
played bv surgical incision of the local lesion is certainl) not a factor in 
saving life 


Tabie II 

ostroAurLiTis (janoara 1940 — ma\ 194W 


U( Rtcet td Siit/jfiouamirffs 

Total number of 89 

Number of cases with Htc incision-, of abscess 64 

Number with no operitioii 2-> 

Number died 

Moribund oii idmission 1 

One case inci'cd 1 

Molt \ht> rate 4 2^c 


Table III 

DEATHS 

All 4 deaths were /lem staph aureus casts 
D B died IJhrs after admission undiagnosed 
D W died2Shrs after admission 
J A died 1 % hrs after admission 
T C died 3'-^ weeksafteradmission 


! 

Oul recoids of 8f; tasc'. three moribund on admission show since 
sulphonamide administiation 25 not opeiated upon and none dead the others 
operated upon and one dead in all a mortahtv rate of i 2 jiei cent, excluding 
the ease moiibund on admission These lesults aie not such that trom 
the moitality standpoint incision can be altogethei condemned when added 
to sulphonamide medication (Tables II and III) 

An analysis of the case that died on the 31st day after being in hospital 
24 days, IS illuminating He was ill, had positive culture and a sharp 
reaction He developed an obvious superficial abscess over the upper part 
of the tibia The knee contained thin pus from w'hich staphvlococcus was 
recovered On the 17th day when his temperature w^as about ioo°-ioo 5° F 
his pulse rate 95 taking wnthout reaction sulphathiazole 9 Gm daily, wnth 
a blood level of 8 mg%, it w^as decided to dram the abscess and the knee 
This was done The knee joint was opened and a soft iiibbei diain pushed 
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thiough the supiapatellai pouch from side-to-side The abscess in the 
leg was diained His condition the next day was much woise, tempeiatuie 
up, and pulse up to 120-130 He de\ eloped no new bone lesions, but he died 
14 days later (Table IV) It now seems to me that the surgical inteifeience 
in this case turned the scales in favoi of the infection The diainage of 
the knee and the abscess 111 the leg did not pieient the death of the boy 
from the spread of the disease to all the legions ot his body The result 
could not have been worse with no treatment of an}^ kind I now^ believe 
that had he had no opeiation he would piobablv have survived his acute 
infection Cases that haAe appealed equall} ill, with just such abscess 
and local and general symptoms, ha\e suivued when they ha^e not been 
subjected to incision 


Table 1\ 

Patient Thomas Cosgrove 

\dniitted June 12 1942 DiedJuUC 1942 

Positive blood culture Drainage June 22 1942 

Sulphathiazole 7 S Gm daih for 24 da\ s 

Blood let el ot er 6 mg % 

Titer — June 12 — 2su/cc June 24 — 17su/cc Jiilt 1 — 7 sii/cc 

Analointc Dtaenosts 

1 \cute o^teoinylitis of It tibn (firm staph anreiis) 

2 Hem staph aureus septicemia 

3 Abscesses of lungs kidiiets and Icit chest tt ill 

4 \cute suppiiratite uiioc-irditis 

■' Acute cardiac dilatation 

<1 EarK acute pericarditis 

7 Pleural effusion (bilater d) 

8 Tattv litei and acute coiigeslion ol liter 

'• Edema of gallbladder 

10 Fibrous pleural adhesions (riglitl 

11 Petechial hemorrhages — cpicirdiuiu ciidoi aidiuiii urinar> bladder mucosa 

12 Patent foramen ot ale 

In the subsidence in the acute phase a diamalic change takch place It 
occurs ovei a period of 10-12 hours The geneial leaction of the patient 
subsides , the intense sw ellmg of the soft tissue at the local lesion diminishes , 
the undeilymg abscess becomes moic olmous in its outline and the patient 
IS comparative!} comfoi table Latei. the abscess inav inciease 01 diminish 
m si/e When it subsides it inaj, in the couise of thiee 01 loui weeks 
entire!) disappeai In conditions wheie it becomes more supeiheia! am! 
en!arged it may so ihvoIac the skin that it spontaneously opens thiough a 
small opening In oui small expel lence, m a case wdieie a sinus of this 
type is formed, theie has been no laige sequestrum piesent in the undeilymg 
bone There are, how’^evei small areas in the bone lined with granulation 
tissue and containing very small, fragile sequestra Mostly, the cavities are 
subperiosteal and contain granulation tissue only It seems that unless the 
abscess is too superficial it will not dram of itself and will tend to subside 
and behave in every particular like a tuberculous abscess An) dead bone 
within it may be disposed of by the action of the tissues and then fluids or 
mai become regeneiated It may be said that a sequestrum ma) be dealt 
with spontaneous!) unless a sinus develops 01 be made m which cncum- 
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stance it will be neccssaiy to leniove it befoie tbe sinus will beal ihc 
pathologic change in bone, as evidenced loentgcnologicall}', is difleient to 
that of cases where lesions aie diained In diained lesions there is gen- 
eially a wide clesti action ot bone togethei with a huge involuciuin, seques- 
tiation IS piesent in o\ei half of the cases The hist change that can he 
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lecognized in bone of unchained cases occuis about eight oi ten da3'S Fiom 
then on the lesion continues to lose density and involucium veiy much 
diminished m extent sometimes haidly present ma\ he seen Theie is no 
obvious death of a laige mass of bone except m laie cases and sequestia- 
tion IS piesent m about 10-15 pei cent of cases onW Secondar}" lesions m 
other bones aie laie and when they do occm, then couise is vei}^ much at- 
tenuated and a nonviiulent piocess wuth mild pathologic changes (Table V) 
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We have had cases wheic contiguous joiius ha\e been in\ol\ed m one 
instance the oiganism was lecoveied tioni a knee joint, where the epiphjsis 
of the fennii was involved d his case did well, and soon became afebrile, 
w'lth the knee returning to iiotmal si/e, and with a fair cartilage space and 
movement The swelling of joints ncai the lesion quickly subsides and the 
joints lecovei their noimal freedom of movement very quick!) 

Fiom the complete subsidence of the abscess m some cases and from 
Its appaient nontoxic presence in otheis there seems to he no urgent reason 
tor mterfeimg wnth it 

The cases tieated m this senes haw had oidinan suppoitue treatment 
Ingethei wnth sulfonamides \\ c luxe iistd siillathia/ole but it would appear 
that sulfadiaaine is moic leadih Imine and can be taken ovei a longer period 
of time, and a higher blood level can be maintained It ma) be a better 
chug foi the tieatment of osteomyelitis We have used no splinting except 
where a joint w'as involved, then ti action was sometimes employed 

The diagnosis of the condition is to be made fiom first — the histor) 
The histoiy of a skin lesion is nearly alwavs available when the questioning 
IS intelligent, second, the examination of the geneial leaction and third, 
the examination of the part No accurate localization of the lesion, as to 
w'hether it be in the epiphysis, the metaphysis or the periosteum, is necessary 
This information will be available from the roentgenograms in eight to ten 
days There may be also piesent about that time a local abscess that can be 
examined without pain oi discomfort to the patient The drug should be 
given earlv ni the disease and m adequate amounts When it is the 
disease will not be able to make much headway, and the mortalitv will be 
found only in those cases that aie moribund of the infection before the true 
nature of the disease has been lecognized and thus haxe not had the ad- 
vantage of adequate doses of sulfonamides 

CONCLUSIONS 

Theie is reason to believe that the administration of sulfonamides in 
heavy doses eaily m the disease may prevent deaths occuiring fiom this 
disease 

An early lecognition of the tiue chaiactei of the disease from the historx, 
and the geneial and local symptoms is essential to adequate medication 

The medication must be adequate, that is huge doses must be given earlv 

Incisional mteiference is not a factoi in saving lives and may be a verv 
cleleteiious pioceeding 
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Discussion — ^Dr Kellogg Speed (Chicago) Doctor Robertson’s title must be 
taken literally to assay his results and to confine our attention to acute hematogenous 
osteomyelitis — namely, an infection disseminated via the blood stream (of staphylococcus 
in over 80 per cent) usualh from skin or soft parts, less often from the mucous surfaces 
of nasal passages and throat or tonsils and earned to the bones of adolescents There 
maj be some failures from medical treatment on account of the type ol bacteria 
Also, chemotherap^ , even if pushed bv intravenous methods to a level of 12 or is mg 
per cent, mav fail m some instances to- maintain sufficient bacteriostatic power to 
overcome the rapidih of production and pouiing out of the bacteria into the blood 
The earlier the drug is administered, the moie powerful its contiol over the spread to 
the host’s tissues and bone — ideally before any bone lesion is known to all The percentage 
of occurrence of acute infectious osteomvelitis is falling off m some districts because 
the sulfonamides are widely employed m treatment of nasal and skin infections, acting 
bactenostatically before osseous lesions ma\ develop After eaily medical treatment 
by massne doses ue can beliece that the lesults m a consecutive senes of patients 
would be even better than the use of the drug plus early local and extensive opeiation 
which would interfere with the local blood supply of the bone, lower the resistance 
locally, and block the bacteriostatic action of the drug My experience with this form 
of osteomyelitis in the bodies of the vertebrae, treated without opeiation, has been 
sad — tliree patients succumbing after long periods, in spite of massive dosage of the 
sulfa compound However, I am limiting operation to drainage of known bone abscess 
and using repeated joint aspiration before open drainage 

Among the recent reports, I believe that made by Gage is most noteworthy Any 
concept of the osteomyelitis must take into consideration the action of the toxins 
developed, especially the purely necrogenic, and that part of the toxin which increases 
the spread of bacteria If the sulfonamides can paralyze bacterial growth, and thus 
limit or prevent the freeing of toxins, the whole chain of events, including thrombophlebitis, 
the number of colonies free in the blood, and ultimately the amount of bone destruction 
resulting, will be reduced or aborted A late bone or subperitosteal abscess may be 
absorbed by leukocytes and recticulo-endothelial tissues after the action of bacteriolysins 
and agglutinins Sequestra may rarely form, and an involucrum need not appeal m its 
absence Wilson and McKeever, m their series of 32 cases m Los Angeles, found pal- 
patory evidence of involucrum m some, but at operation later saw only hyperplastic 
one and no abscess Together with Wilenski, they still favor operation for established 
osteomyelitis Gage insists on daily administration of 60,000 to 100,000 units of potent 
antistaphylococcic serum until toxemia subsides In the mild infections practically no 
one change may appear as the toxins failed to kill bone, others may terminate as 
rodies abscess, with only a small local death of bone The results also vary on the 
point of localization within the bone of the carried m infection If it starts to an easy 
i>pread via the marrow, compaiable to a rapid lymphatic spread, we can look for a 
wi er death of bone and more pus , if it starts m or near the cortex and spreads onlv 

oca ly under periosteum, the result may be localized abscesses pointing to the surface, 
relatively easy to dram 


dditional reports will probably verify Dr Robertson’s results We await also, 
leports on the use of penicillin, which is nontoxic and especially adapted to bacterio- 
tic action against the staphylococcus and all gram-positive forms of bacteria While 
' las not yet proven of value in subacute bacterial endocarditis, in dosages of 30,000 
o 40,000 Oxford units m 24 hours, according to Herrell, it does clear the blood stream 
actena and may act favorably m acute infectious osteomyelitis 
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Dr Albert Ket (St Louis, AIo ) I agicc \Mth Di Robertson tliat the time to 
treat osteomyelitis ^\ltll sulfonamides is before it starts, and after it starts I think 
one should lealize that the eniciencv of the sulfonamide \aries nnersely with the number 
of organisms present in a gi\en focus, and invciselj with the amount of necrotic tissue 
present in a guen focus It is for that icason that sulfonamides will clear the blood 
stream and not sterilize the focus m the bone 

I ha\e seen a few' cases of ostcomjclitis that have had vvliat the doctors who were 
ti eating them thought was tlie limit of sultonamide therap}, in whieli the disease has 
piogressed to the point where they got pathologic fiactuics Thev got iinohement of 
joints and tliej got widespicad destiuction of hone 

Ihe question in mv mind, and one which I am not vet able to decide, is Docs 
an incision for drainage — and hj tint I do not mean an extensive operation hut an 
incision for drainage — lower the resistance locallv to infeetion in the hone or anv where 
clse^ Until there is some evidenee to pi owe that, I believe that when, and if, jon can 
diagnose the presence of an abscess m hone and voni patient is in good condition, 
tliat should be chained You should also give them sulfathiazole, all vou think thej 
can take 

The other question is How long are vou going to keep up vour sulfathiazole' 
In nij’ experience, these cases treated with suifatliiazole, and sulfathiazole alone, have 
foimed sequestra after the sulfathiazole was stopped A.fter function of the limb 
was resumed thev have flared-up again and have eventuallv required operation for 
drainage and remov'al of sequestra 

I still feel that there is a verv definite place for surgerv in the treatment of acute 
ostcomvelitis, and that that place is the drainage of the abscess as soon as the patient 
IS in condition to stand the operation I do not believe tint the drainage in the 
case that Doctor Robertson sliowed was rcspoimlile for that bov s death He died 
of septicemia, and he died about 14 davs after his operation 

Dr D E Roblrtson (Toronto, Ontario, closing) I do not tliink I Iiav’C anv thing 
to add, except to say what I might have said before, that those children who do not 
tolerate sulfathiazole were given sulfadiazine I think probablv it is just as good a 
drug, and I think vv'itli sulfadiazine one can maintain a higher level than with sulfa- 
tliiazole, and it is much better borne 

I want to saj, in conclusion, when the child is recoyering and is well of the acute 
phase, and can stand an operation for the drainage of abscess, just consider whether or 
not it IS necessarj to dram the abscess The child has gotten well vv'ith an abscess 
The secondary soft tissue swelling around the abscess has subsided, leavniig the abscess 
so you can examine it and delineate it easilj It is shghtlv tender 

I think vye make a great mitsake draining these abscesses just because thev are 
easily accessible I think vyhen vye do attack them, we probablv do something that 
IS not 111 the best inteiests of the patient At all events, when tbev' are left without 
incision tlic lesults aic excellent, much better in mv opinion than those incised 
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REGIONAL ILEITIS 
John W Holloavay, M D 

Cle\ ELAND, Ohio 

PROM TItr DFPARTMrST OF SURGrR\ OF UMVFRSITI HOSPITALS OF Cl KVEI AND, 

AND THE WESTERN RESERNE LMVERSITY SCHOOL OF MEDICINE, CLFVEI AND, OHIO 

It is thc purpose or this paper to report a senes of cases of regional 
ileitis which, while not laige, has been of such vaiiation that it suggested the 
desirability of selecting those cases which might be utilized to outline a 
possible sequence of events fioni the standpoint of gross pathology Many 
of the observations are largely confirmatoiy of the information already 
available in the voluminous literature on this subject However, additional 
emphasis has been placed upon those aspects which appear to \varrant it 

In their original article (1932) Crohn, and his associates'^, reported a 
series of chronic inflammatory lesions which consistently involved the terminal 
ileum, stopping abiuptly at the ileocecal valve, their observations suggested 
that they were dealing with a definite clinical entity Since that time con- 
trarj^-minded mdniduals have reported somewhat similar lesions at higher 
levels in the small intestine, together wnth occasional manifestations in the 
large bowel In all our cases, wath the exception of Case 5, the localization 
has been as Crohn originally described it He suggested that the ileocecal 
valve appears to function as a barrier to extension into the cecum While 
reported cases ma)”^ tend to refute this, several of ours were of some interest 
in this connection We \veie privileged to carry out exploratory operations 
and resection in two cases (Cases 3 and 7) m which observations at operation 
SIX and eight years previously had indicated that the process stopped abruptly 
at the ileocecal valve Examination of the resected specimen and examina- 
tion at operation showed no fuither progression of the process into the 
cecum Howevei, m Case 3 the ileocolostomy might have been a limiting 
actor In any event, about 80 to 90 per cent of the lesions reported have 
5een limited to the terminal ileum 

Fi'om the clinical standpoint, Ciohn, and his associates, divided the con- 
dition into four phases First, the earliest manifestations of abdominal dis- 
comfoit which may be vague or indefinite but in other instances may very 
c osely simulate acute appendicitis Second, the ulcerative stage, which is 
V laractei ized by varying degrees of abdominal cramps and diarrhea accom- 
panied on occasions by some anemia and loss of weight Third, the fibrosing 
or stenotic phase which is typified by cramps which may be obstructn'’e in 
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origin, together with intermittent episodes of diarrhea On many occasions 
a mass is palpable m the right lower quadrant, and the patient may have a 
considerable degree of anemia and emaciation Fourth, the phase charac- 
terized by fistula formation, which fistula may be internal or external The 
former may be established between loops of small or large bowel, particularly 
the sigmoid (our experience is outlined m Figure 5) External fistulae may 
appear m the abdominal wall 01 peiineum 

In attempting to coordinate the preceding with a subsequent classifica- 
tion, the first two phases probably represent acute and subacute manifes- 
tations, while the last two are definitely chronic, however, as mentioned 
elsewhere in this paper, the subacute stage may be the phase of actual per- 
foration and beginning fistula formation It should be emphasized that 
the progression may extend over years, and that on occasions there may seem 
to be a marked disparity between the seventy of the symptoms and the 
extensive changes revealed by operation Furthermore, in isolated instances 
the stenotic phase may manifest itself without any satisfactory history sug- 
gestive of progression through the early phases 

In an effort to establish the sequence of progression, we have selected 
Cases I, 2, 5 and g because of the distinctive gross appearance of the lesions 
as revealed by operation Case i (Fig i), because of the marked edema and 
abscence of accompanying local signs of inflammation, was thought to repre- 
sent the earliest manifestations and is largely a question of lymphatic block 
Case 2 (Fig 2) would seem to be quite comparable with Case i, there being, 
however, further superimposed signs of local inflammation, but still character- 
ized by lymphatic block Case 5 (Fig 3), while the most striking, is sur- 
rounded with uncei tainties from the standpoint of classification Although in 
this case there was involvement of the terminal ileum, there was in addition 
segmental involvement , one area involved was the third part of the duodenum 
Involvement of the duodenum grossly appeared comparable with the findings 
in Case i, ^e , marked edema with a paucity of inflammatory findings It is 
reasonable to assume that the segmental areas had a similar origin though 
varying markedly in gross appearance Whethei we are entirely justified 
m classifying this manifestation with regional ileitis may be open to question 
Except for the duodenal involvement, grossly, this case is identical with several 
cases described by Jackman® under the caption of “localized hypertrophic 
enteritis” The gioss description and illustrations have much in common, 
and our information concerning the microscopic picture is drawn from this 
report In any event, from the standpoint of history and microscopic findings 
we can definitely place it between Cases 2 and 9 Case 9 (Fig 4) is 
obviously of considerable chronicity and typical of the obstructive and 
stenotic phase 

In using the terms “acute,” “subacute” and “chionic,” we are employing 
them in a strictly clinical sense, without implications as to the microscopic 
findings This would seem particularly desirable because in some instances 
the chronic lesions may show^ superimposed acute inflammation, while the 
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so-called subacute case piobabl}^ shous the most active inflammatoiy lesion 
microscopically 

If It IS assumed that there is justification for utilizing the terms “acute,” 
“subacute” and “chronic,” it would seem desirable to review the available data 
in regard to the gross and microscopic pathology of regional ileitis Giossly, 
tlie acute forms are chaiacteiized by their sharp demarcation, their sponge- 
rubber-like consistency, the marked edema winch vanes from white to pink, 
and the enlaigenieiit of mesenteric nodes of the involved segment There 
IS usually an accompanying accumulation of intia-abdominal fluid in the 
acute form Grosslj'-, the so-called subacute type is chaiacterized by spongy 
consistency, sharp demarcation, and desquamation of the mucosa — in some 
instances m its entirety The mucosa has been replaced by an hemorrhagic 
exudate, which, togethei with engorgement, is visible thiough the more or 
less normal peiitoneum and which accounts foi the fiery red appearance of 
the lesion grossly Its appearance at operation may suggest recent strangu- 
lation or some embolic phenomenon The bowel may be friable, and the two 
specimens of the subacute type reported m the hteiature (Jackman) were 
obtained incidental to perforation through handling Hence, in all likelihood 
perforation and fistula formation may fiequently occur spontaneously during 
this phase After having passed through this reaction, it would seem that an 
intestine so affected must necessaiily continue ultimately to the stenotic or 
fistula stages, there being little possibility of spontaneous subsidence Grossly, 
the chronic forms are chaiacterized by their thickening, rigidity and tumor 
formation either because of their altered character or because of adhesions 
between adjoining loops or extensive inflammatory reaction in lymph nodes 
or the adjacent mesentery The mucosa is extensively involved by ulcera- 
tion, varying m depth, but largely distiibuted along the mesenteric bordei 
of the intestine, with areas in which the lumen is markedly diminished in 
caliber There IS little or no accumulation of intra-abdominal fluid in the 
chronic form 

From the microscopic standpoint, there is nothing which is characteristic 
of this lesion In view of the fact that practically all specimens obtained are 
of the chronic or subacute types, we have less conception of the microscopic 
appearance of the acute forms, particulaily the edematous type However, 
one might assume that, microscopically, the acute forms might reveal slight 
ulceration of the mucosa with marked thickening of all layers of bowel due 
to associated edema and with an infiltration of cellular elements dependent 
upon the severity of the reaction Histologically (Jackman), the subacute 
condition is characterized by the absence of mucosa with substituted hemor- 
rhagic exudate and an underlying submucosal reaction which almost borders 
on abscess formation The peritoneum is relatively umnvolved, but inter- 
mediary layers reveal some degree of fibiosis indicative of previous inflam- 
mation However, theie is no demolish able evidence of thrombosis, which is 
of interest in view of its gross appeal ance Histologically, the chronic forms 
leveal ulceration of the mucosa of varying extent and depth with thickening 
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ol walls and stenosis due to fibiosis, and uith an inhltiation of inflammatory 
eells which may vai) deijcnding ujjon the seventy of the reaction Giant 
cells may he present 

From the standpoint of etiologj, lathei exhaustive attempts have heen 
made to determine some specificit), but to date there is nothing that has 
proved convincing Tuberculosis has been fairly well excluded Experi- 
mentally, Reichert and Mathes^® are said to have injected the corresponding 
lymphatics with a scleiosmg agent and thus produced a lesion in the bowel 
which simulated the acute edematous lesion In connection with the estab- 
lished observation that the process fiequently slops abruptly at the ileocecal 
junction, one may refei to recent studies of the ileocecal region b} Bargen, 
Wesson and Jackman ^ They concluded that, mechanically, the ileocecal 
1 egion functioned as a valve and that there was a marked diminution or actual 
interruption of the communications of the submucosal lymphatics in the 
region of the labia of the valve Since, at least m the acute phase, its most 
striking and most obvious manifestation is m the form of lymphatic block, 
tbe pieceding may explain the tendency for localization proximally 

The question of differential diagnosis in the acute phase is extremel) 
difficult, and if exploiation is carried out it is usually undertaken with a 
diagnosis of acute appendicitis At the moment, \\e are referring to those 
instances in which the first symptoms have not extended back more than 
36 01 72 hours In oui experience, it may present any of the variations 
of symptoms associated with acute appendicitis Thus fai, we have found 
no differential point which would justify a clinical distinction, although in 
some instances there is a history of a slight change in bowel habits for three 
to SIX months before the attack On occasions, there has been more m the 
way of cramps than we usually associate with appendicitis , vomiting infre- 
quent However, we wish to emphasize that from a practical standpoint the 
differential diagnosis probably cannot and should not be attempted While 
we are not certain, we are inclined to believe that i oentgenologic studies would 
be of little value in the acute stages and, m general, would be contraindicated 
In oui experience, roentgenologic ^studies in the acute cases, six to eight 
weeks following the establishment of the diagnosis by operation, have failed 
to reveal any findings that weie diagnostic To be sure, in most instances 
there had been a complete subsidence of symptoms postoperatively How- 
ever, this may eithei indicate inadequacy of roentgenologic diagnosis m the 
acute phase or the absence of roentgenographic findings may accompany 
subsidence of the lesion The latter possibility certainly supports conserva- 
tive therapy in the acute phases when encountered at operation 

In the instance referred to as subacute, roentgenography might show 
narrowing, however, in view of the associated friability this might well be 
undesiiable Otheiwise, our single case was characterized by cramps, an 
elevated white blood cell count, and the passage of seveial grossly bloody stools 
The chronic forms present much less of a problem from the diagnostic 
standpoint, but do require distinction from malignant growths and specific 
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granulomata However, for practical reasons surgical intervention would 
probably prove to be the method of choice m an) event Roentgenologic studies 
in this type can be extremely helpful, and the so-called “string sign” m 
many instances is almost diagnostic Chronic ulcerative colitis may simulate 
legional ileitis although the localization roentgenologically of the lesion 
in the colon and the presence of mucosal ulceiation as levealed by sigmoido- 
scopic examination aid mateiiall) m making the distinction It is of furthei 
interest that in many instances the palpable mass at least clinically, suggested 
a pelvic lesion, how^evei, roentgenograms of the gasti o-intestinal tract aided 
in making the distinction 

There is some difference of opinion m legaid to the coiiise to follow 
when the acute case is encountered at operation There is little support foi 
immediate radical resection It is our definite impression that some of these 
subside completely, or at least remain subclinical, during the period of 
obsen^ation In the series of six cases of Kostei, Kasman and Sheinfeld,^® 
subsequent intervention was not required during the period of observation, 
and this coincides with our owm expeiience More recently, Smithy^^ has 
reported a series of acute cases of regional ileitis which lends additional 
support to consen^ative therap) in such instances However, others have 
reported a ver)^ high percentage of ultimate interventions in acute cases 
When the cecum is uninvolved (loo per cent m our senes), we have routinely 
carried out appendicectoiny, not wnth the idea that appendicectomy con- 
tributed therapeutically, but because it is reassuring to have removed the 
appendix should there be a chronic complaint m the right low^er quadrant 
If a radical procedure seems indicated subsequently, it can frequently be 
carried out more advantageously at a second operation 

Mixter^^’ has condemned the practice of appendicectomy in the acute 
cases because of the danger of fistula formation How^ever, in the early mani- 
festations, in the presence of an uninvolved cecum, there should be little 
danger of fistula formation as a result of the appendicectomy In any event, 
as Crohn, and his associates, have indicated the fistulae frequently have their 
origin from the ileum rather than from the appendiceal stump Hence, they 
nia) develop incidental to the exploration rathei than as a lesult of the 
appendicectomy 


Insofar as the chronic stenosing types aie concerned theie is geneial 
agreement that short-circuiting anastomotic procedures or resection should 
be earned out, with the latter piocedure in considerable favor, although 
Ginzburg and Garlock" have lecently piesented excellent evidence m favor 
of ileocolostomy, with exclusion In the majoiity of instances gieat benefit 
follow's the aforementioned pioceduies although it is not uncommon foi 
those patients w'ho secure a satisfactoiy lesult to have two to three soft stools 
a day Recurrences of symptoms aie quoted in the neighborhood of lo to 15 
per cent while Cutler^ mentions a much highei figure and is pessimistic 
as to the benefits of surgical intervention How ever in view of the occasional 
segmental involvement recurrences might uell be anticipated 
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Our experience with the chronic stenotic phases has been limited to seven 
cases, all except one of which have been treated by primary resection of 
the terminal ileum and cecum, with lateral anastomosis between the ileum and 
ascending colon In a single instance an ileocolostomy had been carried out 
elsewhere two years previously, and we performed resection of the isolated 
loop The foregoing procedures have been effected without mortality, and m 
five of the seven cases the lesults aie quite satisfactoiy to date Of the unsatis- 
factory, one was considered quite satisfactoiy for a period of four years, after 
which time a severe macroc3dic anemia and a marked rectal stricture, of 
undetermined origin, developed The remaining patient (with initial ileo- 
colostomy), although maintaining her nutiition, continued to complain of 
cramps and diairhea, and was considered to have an unsatisfactory result 

We have attempted to ariange the more characteristic examples of our 
cases in the sequence in which we believe the condition progresses, recogniz- 
ing the hazard of doing so wnth a no more leliable basis than their gross ap- 
pearance We have further classified them as acute, subacute and chronic 
It w^ould seem that thei e is adequate support foi conservative therapy in the 
acute manifestation The subacute stage, because of its friability and tendency 
to perforation, might w^ell lequiie lesection We believe the chionic stenotic 
phase to be definitely amenable to suigical treatment, w'lth primary resection 
as the proceduie of election m oui cases 

CASE REPORTS 

Case I — J L , white, male, age 21, was admitted to Lakeside Hospital, April 14, 
I933i with a history of abdominal cramps of three to four dajs’ duration, the pain 
had ultimately tended to localize in tlie right lower quadrant There had been several 
liquid stools at the onset but subsequently the bowel movements were normal There 
had been no vomiting There evas no history of previous similar difficulty The patient 
was very muscular and well nourished There was some tenderness in the right lower 
quadrant with marked rebound tenderness, but little, if any, spasm Rectal examination 
was essentially negative Temperature 385° C, pulse 90, white blood cell count 7,000, 
uranalysis negative 

The patient was observed for six hours, after which time an exploratory operation 
was carried out, through a McBurney incision Some fluid w'as encountered The 
terminal 12 to 14 inches of ileum was found to be markedly thickened and edematous, 
it was a white edema, and there was no injection (Fig 1) The nodes of the involved 
segment were enlarged The process stopped abruptly at the ileocecal valve The cecum 
and appendix weie not involved No other abnormalities were noted Appendicectomy 
was performed The wound w'as closed without drainage No pathologic diagnosis 
was made Convalescence was uneventful Stool cultures and agglutination tests were 
negative for B typhosus paia A and B During the subsequent year the patient had 
no further trouble, after that \xe w'ere unable to follow him Dtagitosts Regional 
ileitis (acute) 

Case 2 — H K, white, female age 31, began experiencing generalized abdominal 
cramps about 24 hours before admission to Lakeside Hospital, April 30, 1937 The 
discomfort subsequently localized m the right lower quadrant There w'as some 
nausea but no vomiting or diarrhea She had had some slight abdominal discomfort 
two weeks previously, but otherwise no similar previous difficulty, although for the 
pieceding six months she had had seveial soft movements daiff, wdien pieviously there 
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] IG I — Case I Color drawing of oi)crati%e findings Viiniiiilj Ivniidiatic block, 
characterized 1)\ edeiin and peritoneal fluid but with no otbei signs of infl iniination 
Classified as acute regional ileitis upon basis of history ind findings 


V 



X 


^ It- - — Case 2 Color drawing of operatiie findings Limphatic block not so 
obMOus but inflammatory reaction extreme Little fluid, but segmental, inflammatori 
in\ol\ement of ileum striking, suggesting recent embolic phenomena or strangulation, 
^titrasted with edematous manifestations in duodenum comparable to Figure i 
Classified as subacute and acute regional ileitis upon basis of liistorj and associated 
'■"odeiial manifestation of an obxiousK acute nature Onl\ case in series with grossU 
bloodi stools although there is a historj of gross hemorrhage in Case 7 




I 111 1 — Cist 5 Color drawing, of oj>erati\t findings Lunplnlic Mock with super 
inipostd sit,ns of niodcr ite iiinamnntion cinraettrized I)n edenn pcntoiic il fluid, and 
redness Classified as acute rct'onal iltitis upon basis of Iiistorx and additional sif,ns 
of carls inflanimation 



I'lG 4 — Case o Coloi diawing of resected specimen Little esidence of l>iupliatit 
block, Itbion of obsious clnonicits ssith fibrotic ebantes constituting a definite tumor 
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had been but one A questionable diagnosis of gastiic ulcer had been made nine 
years before 

Examination revealed a well-nourished mdi\idual, not appearing acutely ill There 
ivas definite tenderness in the right lower quadrant but no spasm Rectal and vaginal 
examinations were essentiallj negative Temperature 37° C , white blood cell count 9,000 
to 13,000, urine essentialh negative The patient was observed for four hours, and 
it w'as then deemed advisable to rule out appendicitis 

The patient was operated upon through a McBurney incision A large amount of 
free fluid w'as encountered The terminal ileum for a distance of 14 inches from the 
ileocecal ^al\e w^as thickened, edematous and of a leddish-pmk color (Fig 2) The nodes 
in the corresponding segment of the mesentery w'ere enlaiged The process stopped 
abruptly and did not extend beyond the ileocecal valve The cecum and appendix were not 
involved Appendicectomy was performed No pathologic diagnosis w'as made 

The hospital course was uneventful The patient had roentgenograms of the gastro- 
intestinal tract, July 29, 1937, April 27, 1940 and September 9, 1941, wnth essentially 
identical findings, vie, hj permotility and hyperperitalsis of small intestines, without 
deformity in terminal ileum or elsewdieie The patent’s general health to date has 
been excellent, wuth no notew'orthj’' abdominal symptoms Diagnosis Regional ileitis 
(acute) 


Case 3 — L W , w’hite, female, age 26, w’as admitted to Lakeside Hospital, August 
6, I93S» with the complaint of abdominal cramps and diarrhea The patient apparently 
had been in good health until seven jears before, at which time she began having cramps 
and diarrhea Five years before admission she w'as admitted to another hospital, 
observed and operated upon for anal abscess and fissure One year later she returned 
to the same institution and an abdominal exploration was carried out A bilateral 
salpingectomy, left oophorectomj’- and appendicectomy were performed Further explora- 
tion revealed a regional ileitis involving the terminal 18 inches and stopping abruptly 
at the ileocecal valve A lateral anastomosis w'as performed about the lesion The 
patient experienced marked benefit for a period of tw'o j'^ears, wdien a recurrence of 
symptoms occurred wdiich continued to time of admission to this hospital 

There had been some recent loss of w'eight and stools five to ten times a day, 
but no pus or blood w'ere noted The patient w'as W'ell nourished The general physical 


examination was negative save for some tenderness in the right lower quadrant Labora- 
tory data W'ere negative except for hemoglobin of 60 per cent, and red blood cell count 
of 3,700,000 A barium enema revealed a functioning anastomosis, and findings in 
the terminal ileum suggestive of ileitis In view of recurrence of symptoms, exploration 
W'as thought justifiable Many adhesions w'ere encountered, and a process was found 
in the terminal ileum characterized by thickening and edema, stopping abruptly at the 
1 eocecal valve and extending up to about eight inches from the anastomosis There 
was no fluid Exploration of the remaining small and large intestine showed no involve- 
ment Without disturbing the anastomosis, the short-circuited intestine (60 cm ) 

was resected to include a small portion of cecum Grossly, the resected portion was 

comparable with findings m chronic regional ileitis, and the histologic examination was 
cons^tent with that diagnosis The lesion did not extend beyond the ileocecal valve 

e postoperative course was uneventful The patient was readmitted to the hos- 
folbw°*^^ ^^ter, w'lth the history that, while there had been temporal y benefit 
ing operation, at the time of admission there was a recurrence of cramps and 

^ an ea However, there had been no loss of weight and the previous moderate 

disappeared Diagnosis Regional ileitis (chronic) Result unsatisfactory 
Recently readmitted for further resection 


^ J W , white, male, age 30, was admitted to Lakeside Hospital, March 
37, With a complaint of abdominal cramps and loose bowel movements of tw'O 
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or three days’ duration Although discomfort was rather diffuse, there was a tendency 
to localization to the right of the umbilicus There had been no nausea or vomiting 
There was a history of episodes of diarrhea of very brief duration for several 
years, but at no time had there been cramps of the present seventy 

The patient was a well-nourished, almost obese male Examination of the abdomen 
levealed rather diffuse tenderness, most marked to the right of the umbilicus There 
was no spasticity There was definite rebound tenderness Temperature 38° C, white 
blood cell count 16,000, urine essentially negative The patient was observed for 12 
hours, during which time discomfort increased and there was some further localization 
in the right lower quadrant Prior to operation the temperature was 38 2° C , white 
blood cell count 24,000 

Exploration was carried out through a McBurney incision, with a diagnosis of 
questionable acute appendicitis Considerable fluid was encountered The terminal 
ileum, for a distance of 16 inches, was quite red, thickened and edematous The process 
terminated abruptly at each end and stopped abruptly at the ileocecal valve There were 
enlarged nodes in the segment of mesenterj of the involved bowel The cecum and 
appendix were not involved An appcndicectomj' was performed No pathologic diag- 
nosis was made 

The subsequent hospital course was uneventful Roentgenograms of the gastro- 
intestinal tract, September 8, 1937, revealed no abnormalities The patient has had 
no further trouble to date Diagnosis Regional ileitis (acute) 

Case 5 — F S , white, male, aged 27, was admitted to Lakeside Hospital, April 
2, 1934, with a history of having been in good health until five days before admission 
At this time he experienced abdominal pain, more marked in the left lower quadrant than 
the right, and accompanied by nausea and vomiting There had been obstipation but 
the patient had passed flatus An appcndicectomy had been performed through a right 
rectus incision four years before, and a few months thereafter a bilateral inguinal 
herniorrhaphy 

Examination showed a slightly undernourished and pallid appearing individual 
not acutely ill The abdomen was possibly slightlj’’ distended but there was no Msible 
peristalsis There was some tenderness in the left lower quadrant but no spasm There 
were scars of a right rectus incision and of bilateral inguinal herniorrhaphy Tempera- 
ture 37 8° C , white blood cell count 21,000, urine essentially negative Our impression 
was partial intestinal obstruction A barium enema revealed no abnormalities, and 
because of persistence of vomiting in the absence of distention, we suspected a high 
obstruction A small amount of barium by mouth revealed partial obstruction in the 
region of the second and third part of the duodenum The patient vas observed foi 
nine days, after which time he passed several grossly bloody stools 

Exploration was immediately carried out, with a diagnosis of partial intestinal 
obstruction The right rectus scar was excised and the peritoneal cavity was entered 
A small amount of slightly cloudy fluid was encountered After freeing many adhesions, 
we encountered two striking areas of segmental involvement of ileum measuring 12 
to 18 inches in extent, one of which extended up to and stopped abruptl3r at the 
ileocecal valve (Fig 3) The bowel ov^ei the involved area was a fiery red color 
with no extension of the process into the mesenteiy There was some segmental 
thickening and enlaigement of nodes in the mesentery Oui first impiession was that 
It was some embolic phenomenon or a recently released volvulus, but the condition of 
the mesentery ruled this out Exposure of the third part of the duodenum (indicated 
m the roentgenogram) revealed marked edema involving the peritoneum and that 
partion of the duodenum observed It was a white edema and in marked contrast to 
the process at previously described levels In view of the extent of the process, re- 
section was not contemplated 
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The postoperative course was quite uneventful save for a continuance of bloody 
diarrhea for several days and a moderate parotitis The patient was followed for 
about two and one-half months after operation, during which time he gained considerable 
weight and was entirely free of the symptoms which brought him to the hospital 
We were unable to follow him after this time Diagnosis Regional ileitis (subacute) 

Case 6 — M T , white, female, age 34, was first admitted to Lakeside Hospital, 
July I, 1935, with a history of diarrhea (s to IS stools daily) and vague abdominal 
discomfort of some four years’ duration There had been an accompanying loss of 
weight Following investigation, her condition was diagnosed as enterocolitis of 
undetermined origin, although in view of many sensitivities it was considered as 
possibly allergic in origin The patient was apparently somewhat improved until six 
months before the present admission, at which time there was an exacerbation of 
symptoms, i e , diarrhea (4 to 8 stools daily) and cramps of increasing severity 

At the admission on September 13, 1937, the patient was moderately well-nounshed, 
and did not appear acutely ill The general physical examination was essentially 
negative save for lower abdominal tenderness m both quadrants, more marked on 
the right where there was a definite, tender palpable mass Barium enema revealed 
a typical "string sign” of the terminal ileum This was confirmed by roentgenograms 
of the gastro-mtestinal tract Hemoglobin 78 per cent, white blood cell count 8,000, 
red blood cell count 4,200,000, urinalysis essentially negative Stools No entemeba, 
benzidine 2-3 +++ In view of the progressive symptoms and obvious early obstruc- 
tion, resection was deemed advisable 

At operation, the terminal two and one-half feet of ileum presented the typical 
picture of chronic ileitis, with the process stopping abruptly at the ileocecal valve 
The cecum and appendix were not involved grossly The involved portion of the 
ileum and part of the cecum were resected, and a lateral ileocolostomy was carried 
out Microscopically, the lesion was consistent with the usual picture of chronic 
regional ileitis The process stopped at the ileocecal valve, although there was some 
slight involvement of the cecum, but merely what one might anticipate of tissues in 
juxtaposition to such a process 

The postoperative course was uneventful Following discharge from the hospital 
the patient did exceedingly well, gamed weight and was quite comfortable She had 
two or three soft formed stools a day Diagnosis Regional ileitis (chronic) 

About July 17, 1941, the patient complained of dizziness, weakness, shortness of 
breath and pain upon defecation Investigation revealed an hemoglobin of 35 per cent, 
red blood cell count of 1,400,000, and white blood cell count of 3,35 0 Proctoscopic 
examination revealed a stricture about two inches from the anus Biopsy of this was 
negative Several Frei tests were inconclusive Diagnosis Macrocytic anemia due 
to e cient absorption, stricture of rectum of undetermined origin Result unsatisfactory 

^ ^ 40, was admitted to Lakeside Hospital, July 

-9> 193 , with a history of abdominal discomfort for some ten years At onset, ten 
jears previously, an appendicectomy was carried out at another hospital, which pro- 
ce ure was followed by a fistula Some time thereafter the fistulous tract w'as excised. 
Was ound to communicate with a lesion in the terminal ileum, which was described 
as ypica y tuberculous, although there w^as no histologic confirmation Some type 
resection was carried out Ihe patient did fairly well until three or four years 
c t e a mission to Lakeside Hospital, at which time she experienced abdominal 
se\^^^'l of weight Two years before admission she had had a 

I aforementioned sj^mptoms persisted, and the patient followed 

a downhill course until the admission to Lakeside Hospital 

emaciated and obviously chronically ill General examination 
a i\e saic for abdominal findings There w'as a small hernia in the supra- 
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pubic scar, but no mass was palpable However, on pelvic examination there was 
a definite mass filling the pelvis which was difficult to separate from the uterus Hemo- 
globin 35 per cent, red blood cell count 2,000,000, white blood cell count 4,000 
Roentgenograms revealed deformity of the terminal ileum, and suggested that the 
mass in the pelvis represented the terminal ileum Although the patient was a bad 
risk, exploration was thought advisable 

At operation, the mass m the pelvis was delivered readily and was found to 
consist of a mass of agglutinated small bowel, apparently centering about the terminal 
ileum There was one loop of jejunum so intimately involved that resection and 
end-to-end anastomosis were carried out (Fig 5A) Following this it was feasible 
to resect the terminal 45 cm of ileum and the cecum, a lateral ileocolostomy being 
carried out 

The patient’s course was stormy for several days after operation but uneventful 
thereafter She was completelj' relie\ed of all symptoms, and gained 45 pounds in 
the first year The patient continues to have two to three soft movements a day, bat 
they are not accompanied by discomfort She remains well to the present time 
Diagnosis Regional ileitis (chronic) 

Case 8 — M L H , white, female, age six years, was admitted to Glenville 
Hospital m September, 1936, with a history of periumbilical and right lower quadrant 
cramps of 48 hours’ duration There was no historj of any similar previous difficulty 
Bowel movements had been regular 

Examination revealed a moderately well-nourished white female, who did not 
appear seriously ill There was some tenderness m the right lower quadrant but 
neither rigidity nor distention Temperature 38° C , white blood cell count 11,000, 
urine negative In view of the persisting cramps it was deemed advisable to carry 
out an exploratoiy operation, with a diagnosis of acute appendicitis or some tjpe 
of partial obstruction 

Under gas-oxygen-ether anesthesia, a short right rectus incision was made The 
peritoneal cavity contained considerable clear fluid, the appendix was normal How- 
ever, the terminal five inches of ileum was markedly edematous and of a pinkish 
color, nodes in the involved segment were definitely enlarged, the cecum was not 
involved Appendicectomy was performed No pathologic diagnosis was made 

The subsequent hospital course was uneventful Insofar as can be ascertained the 
child has had no further trouble Diagnosis Regional ileitis (acute) 

Case g — S B , a white, female, age 20, was admitted to Lakeside Hospital, De- 
cember 28, 1937 Four years previously she had been admitted to the hospital witli 
a history of vague abdominal complaint of some four days’ duration, localizing in 
the right lower quadrant, unaccompanied by nausea or vomiting An appendicectomy 
was performed, without abdominal exploration The histologic report was chronic 
appendicitis Following this, the patient continued to have episodes of abdominal 
cramps accompanied by distention In general, the discomfort increased in severitj 
and was, on occasion, accompanied bj' fever and gradual loss of weight More recently, 
there had been some relation to the menses, particularly the last, which began some 
ten days previously, and was accompanied by fever and the finding of a mass in the 
right lower quadrant, which was thought to have its origin in the pelvis 

The patient was operated upon on the Gynecological Service, with the diagnosis 
of possible ovarian cyst 

At operation, the mass was found to have its origin in the terminal 12 inches of 
the ileum, with extensive involvement of nodes in the coiiespondmg segment of the 
mesentery The lesion was obviously chronic and the site of fibrous changes (Fig 4) 
There was no fluid The ileum and a portion of the cecum were resected and a lateral 
ileocolostomy was earned out 
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Histologic Repoit Pathologic findings consistent with chronic regional ileitis 
The postoperative course was uneventful for the first week On the tenth post- 
operative day the patient was operated upon again because of intestinal obstruction 
An adhesion to the midlme scar had produced complete obstruction of the small 
intestine at a level about four feet above the anastomosis The subsequent course was 
uneventful Since that time, the patient has gained considerable weight and, in general, 
is quite comfortable She does have from one to three soft stools per day, when under 
nervous strain this may border upon diarrhea Diagnosis Regional ileitis (chronic) 

Case 10 — W H , white, male, age eight, was admitted to Lakeside Hospital, 
August 2, 1938 Three days before admission he began having abdominal discomfort, 
more marked on the right side than on the left There had been no nausea, vomiting 
or diarrhea There had been some abdominal discomfort one year previous to admission 
Examination revealed a moderately well-nourished boy, who did not appear acutely 
ill There was some tenderness m the right lower quadrant but no spasm Temperature 
38° C , white blood cell count 8,600 , urine negative The diagnosis was indefinite, but 
after 18 hours’ obseivation there w^as no change m the findings and exploration 
was carried out through a McBurney incision (The patient’s family had had a recent 
unfortunate experience with peritonitis from a ruptured appendix) 

At operation a moderate amount of fluid was encountered The terminal three inches 
of ileum was thickened and edematous, but only slightly injected A number of enlarged 
nodes were palpated in the mesentery The process stopped abruptly at the ileocecal valve 
The cecum and appendix were not involved The latter was removed There was no 
pathologic diagnosis 

The postoperative course was uneventful The patient had roentgenograms of the 
gastro-intestmal tract, April 29, 1939, with no unusual findings His general condition 
to date has been excellent, with no recurrence of symptoms Diagnosis Regional 
ileitis (acute) 

Case II — -L D , white, female, age 30, was admitted to Lakeside Hospital, 
March 2, 1939 She had apparently been in excellent health until six months before 
admission, when she began experiencing vague abdominal discomfort characterized by 
a feeling of distention, there had been no diarrhea For the preceding eight weeks 
there had been a continuance of the foregoing symptoms with the addition of night 
sweats and intermittent elevation of temperature About ten days before admission 
there had been a severe episode of abdominal pain, which localized in the right lower 
quadrant, with accompanying nausea and vomiting Upon admission to the hospital 
the patient appeared chronically ill 

General examination revealed no abnormalities Examination of the abdomen 
revealed a firm, somewhat tender mass in the right lower quadrant, measuring 
^ 6 X 6 cm It was slightly movable and could be readily palpated on vaginal 
examination Temperature 39'’C , hemoglobin 80 per cent, red blood cell count 
4,300,000 , white blood cell count 23,000 , urine essentiallj'- negative In view of the 
is>tory, an appendiceal abscess was considered, but the impression rather favored 
regional ileibs The temperature subsided m two weeks and a barium enema 
reieae a string sign” A diagnosis of chionic regional ileTis was made The 
pa lent was readmitted several weeks later for opeiation Signs of inflammation were 
en ire y absent otherwise the findings were the same 

t operation an inflammatory mass was found m the right lower quadrant, consisting 
primari v of thickened and fibrosed terminal ileum but fui ther contributed to bv adhesion 
o an a jacent loop of small bowel, omentum and the transverse colon (Fig 5 B) 
^re was no fluid The teiminal ileum and a poition of the cecum w'ere resected, 
an an i eocolostomy was carried out Grossly, the cecum w as not involved , however, 

1 eoceca lahe projected into the cecum in a cervix-like fashion Microscopicallj’’, 
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there were the usual findings m the ileum with only the degree of reaction in the 
cecum that would occur in any stricture m juxtaposition The postoperative course 
was uneventful There was some diarrhea for several weeks following discharge At 
the present time the patient’s condition is excellent She has gained weight She does 
ha\c tw'o or three soft movements per da\ Diaguosts Regional ileitis (chronic) 



Fig S — Examples of potential and actual internal and external fistulae (A) Case 7 Between 
loops of ileum and jejunum (B) Case ii Potential at (A), minute communications at arrow 
(C) Case 12 Between cecum and exterior, following biopsj (D) Case 13 Between ileum and 
bladder at arrow 

Case 12 — Y F , white, female, age 32, avas admitted to Lakeside Hospital, 
October 1, 1941, with a history that ii months previously she had experienced cramps 
and a feeling of distention This continued for fia’e months, w'hen a mass was noted 
in the right lowei quadrant and pelvis By this time there was some loss of weight 
and a moderate degree of anemia The mass was considered an ovarion cyst by her 
attending physician and exploration w'as carried out An mflammatorj’^ mass w'as found, 
consisting of terminal ileum ^nd a portion of cecum, and a biopsy w’as taken from the 
latter Following operation a sinus appeared in the w'ound The patient continued 
to have abdominal discomfort until the time of admission to Lakeside Hospital The 
patient was moderately well-nourished There w'as a sinus tract in the midline scar 
There was a palpable mass in the right low'er quadrant w'hich w'as slightly tender 
and could be palpated on bimanual (\agmal) examination Barium Iw rectum and 
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inoutli re\ealed a lesion which apparently involved not only the tenninal ileum but 
also a portion of the cecum Laboratoij data were essentiallj negative There was 
no anemia at this time A diagnosis of chronic regional enteritis was made 

The patient was operated upon througii a light rectus incision, and the fistulous 
tract was found to extend to the cecum (Fig 5C) The terminal 16 inches presented 
a typical appearance of chronic ileitis, although, foi the first time in our senes, the 
process definitely extended bej^ond the ileocecal valve The terminal ileum and cecum 
were resected, with lateral ileocolostomy Grossly, the specimen showed involvement of a 
portion of the cecum Histologic findings were consistent with chronic ileitis and 
confirmed the involvement of the cecum 

The subsequent couise was uneventful The patient has gamed weight, is m 
excellent health, and has no complaints Dtagnous Regional ileitis (chronic) 


Case 13 — J K, white, female, age 40, was fiist admitted to anothei hospital 
about 18 months pnoi to admission to Lakeside Hospital She complained of lowei 
abdominal discomfort and burning upon urination of several weeks’ duration Operation 
shortly after admission to the other hospital is said to have revealed extensive inflammation 
m the pelvis, the abdomen having been closed following exploration Following the 
operation urinarj’^ symptoms became exacerbated, and some time thereafter the patient 
noted passage of brown, semisolid material per urethra At the time of admission to 
Lakeside Hospital (on the Genitourinary Service), October 13, 1941, the patient had 
sustained a loss of 20 pounds 111 weight It was thought that the patient had an 
enterovesical fistula Cystograms were normal, but cystoscopy revealed an inflam- 
matory process involving the posterior wall of the bladdei No fistula was demon- 
strable Pelvic examination showed a mass m the right vault extending into the 
right lower quadrant A barium meal revealed contiast medium passing into the bladdei 
apparently from the legion of the terminal ileum Thus, an enterovesical fistula was 
demonstrated, which was thought to be associated with a chronic regional enteritis 

Operation revealed an inflammatory mass m the right lower quadrant consisting 
of agglutinated folds of the terminal ileum, one of which was firmly adherent to the 
posterior surface of the bladder (Fig 5 D) There was no fluid The bladder 
was thickened in a manner comparable to the adjacent bowel The bowel was 
freed from the bladder and the opening m the bladdei \vas closed The terminal two 
and one-half feet of the ileum and the cecum were lesected, and a lateral ileocolostomy 
was done Grossly, the specimen was typical of chronic ileitis, the process stopping 
abruptly at the ileocecal valve Histologic report was consistent with the diagnosis 
of regional ileitis 


The patient was kept on cathetei drainage foi one week The postoperative course 
was uneventful The patient has gained considerable weight, has no bladder symptoms, 
and is progressing satisfactorilv to date Diagnosis Regional ileitis (chionic) 


The author wishes to express his appreciation of the assistance given by Di 
Eugene Freedman, of the Department of Roentgenology, and by the Staff of the 
nstitute of Pathology of Western Reserve University Especial appreciation is due 
Miss Theodora Bergsland, the artist 
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Thl occurrence or metastasis from any pnmaiy inti acranial neoplasm 
hab been the subject of gieat interest to both clinicians and pathologists for 
many decades Paiticulaily has this been tiue when metastasis seemed to 
have occurred outside the central nervous system and its envelopes To be 
sure, thei e have been a number of reports of such metastasis, but considei mg 
the many thousands of intracranial tumors that have been studied in many 
large clinics, these few i eports speak well for the rai ity of such a metastasizing 
lesion In view of this, we wish to repoit one case in which an intracranial 
tumoi appears to have metastasized to the lungs and hilus nodes 


'Case Report — A male, age 32, registered at the Mayo Clinic, May 20, 1938, 
because of headaches and vomiting In Januarj^ 1936, he first had noticed a lump in 
his forehead, very slightly to the left of the imdhne He had persuaded his family 
physician to lance this, but only blood had been obtained During the next two months 
the swelling had pulsated and about this time he had found that he could push 
the lump back into his head, although this had been somewhat painful In April, 
1936, he had been examined elsewhere, and roentgenotherapy had been employed This 
had given relief from headaches for about two weeks, they then gradually had returned 
In August, 1936, he had received another course of deep roentgenotherapy, with 
similar results, however, he had been able to get along fairly well until September, 
I937i when the headaches had become so severe that he had requested, and had 
received, another course of treatment In February and March, 1938, his headaches 
again had become severe, and at this time they had been associated with frequent 
vomiting 


When he was first examined at the clinic, neurologic and general physical 
examinations disclosed the presence of a small mass m the forehead, with obvious 
erosion of the frontal bone The optic disks were choked four diopters, about equally 
in both eyes The roentgenograms of the skull confirmed the clinical impression 
of erosion of the frontal bone and, in addition, there was evidence of prolonged 
increased intracranial pressure 

On May 28, 1938, one of us (J G L ) removed a large right parasagittal frontal 
tumor, which had completely surrounded and invaded the longitudinal smus It was 
necessary to resect the smus to the entrance of the rolandic veins and to remove a 
part of the invaded and eroded frontal bone The tumor weighed 140 Gm , and 
measured 8 x 7 x 6 cm (Fig i) The patient made an uneventful recovery, and 
\\ len he was dismissed, July 18, 1938, the wound had healed 

e returned to the clinic in November, 1938, because of the presence of a peduncu- 
ate growth, two centimeters in diameter in the anterior end of the operative incision 
adium was applied to this at that time and again m Februarj', 1939, because of 
recurrence In spite of this, the patient was able to work from August, 1938, to 
June, 1939, when headaches again began to be severe In Jul>, he had a generalized 
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convulsion, followed live dajs later by numbness associated wMth paralysis in the left 
half of his fact Ht again returned to the clinic, August i, 1939, because of the 
persistence of the facial weakness and of dysarthria On August 3, 1939, with the 
use of local anesthesia, a tumor the size of a hen’s egg (40 Gm ) was removed from 
the original site of the neoplasm He did only fairly well after this procedure and, 
September i, 1939, a plastic closure of a cerebiospinal fistula, which had developed 
soon after the second operation, was performed He had a very stormy course after 
this operation, and died, in hyperthermia, September ii, 1939, approximately three 
years and nine months after he first had noticed the lump in his forehead A complete 
necropsy disclosed the defect of the recent removal of the frontal tumor and, m 
addition, another large residual and recurrent tumor in the right frontotemporal 
lobes (Fig 2) There also w'as evidence of terminal ependvmitis and mild meningitis 



5-28-3t 


Fic I — Tumors removed nt the two operations 

Gross examination disclosed nodules of firm giay tissue scattered throughout 
all lobes of both lungs (Figs 3 and 4) The lulus nodes also appeared to be infiltrated 
by small tumor masses These nodules varied in size up to four millimeters in diameter 
There was also pulmonarv infarction from artenal emboli 

Histologic examination of the hi am tumor disclosed a malignant hemangioblastoma 
(Grade 3), and all three specimens (tw'o opeiative and one postmortem) were found 
to be identical (Figs 5, 6 and 7) Sections of the miliarv nodules m the lungs and 
hilus nodes disclosed a tumor of identical structure (Fig 8) to that found in the brain 
There was no doubt as to the identity of the tumoi 

Sections of the removed tumors and of the residual tumors were examined The 
following stains were used Hematoxylin and eosm, Alallory’s phosphotungstic acid 
stain, Perdrau’s silver stain, Cajal’s and Hortega’s stains, and cresyl violet The 
hematoxylin and eosm stain disclosed a tumor made up of small blood vessels, capillaries, 
sheets, strands and islands of endothelial-like cells Thin-walled vascular channels lined 
with endothelial cells frequently were found filled with fat, oval an doccasionally some- 
what spindle-shaped, hyperchromatic and foam-like endothelial cells The nuclei were 
usually small and the cytoplasm was misty and even foam-hke Mitoses were every- 
where abundant and were tvpically present in the mtima of the small proliferating 
blood vessels (pseudocapillai ics) The larger vessels occasionally contained erythrocytes, 
but many did not 
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riic tiny tnmoi nodiilcs found m the lungs, pleura and hilus nodes weic discrete, 
ciicumsciibed masses of cells, with exactly the same characteristics as seen m the 
intracranial tumoi Examination of sections of the metastatic tumoi s that had been 
stained with Peidraus silvci stain levealed the topical vascular reticulm pattern of 
a hemangioblastoma (Fig 9) just as it did in the case of sections of the intracranial 
tumor obtained at operation and at necropsj’- Alalloiy’s phosphotungstic acid stain, 

Fig 2 



Fig 3 

] K 2 Recurrent heimngioblastoma m coronal section at the le\el of the optic chiasm 

3 Aletastatic tumors m the lung- (arrous) from primar\ intracranial 
hemangioblastoma 
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Cajal’s stain and Hortega’s stain were onl} of minor additional value in proiing that 
the tumor was not of glial origin but definitely of vascular origin 

COMMENT 

The problem of metastasis encountered any place in the body is not 
always easily solved, mainly because it is not always possible to be sure 
which neoplasm is the primai}'' one This is particularly the situation when 
one IS dealing with metastasis of intiaciamal tumors As was, facetiously but 
coirectly, remaiked by one pathologist “The tumor cells do not oblige us 
with aiiow's on them showing wduch w'ay they are going” — certainly one 
wishes they did 



Fig 4 — Metastatic tumors in the lungs (>^6) 


We do not wish to discuss in detail the natuial bairiers wdiich seem to 
exist against the process of metastasis of mti acranial tumors as these are 
being extensive^ investigated by other mvestigatoi s at the clinic, how'ever, 
it does seem pertinent to point out the possible role wdiich surgical inter- 
vention may play in the production of such metastasis Undoubtedly, in the 
course of the surgical removal of a neoplasm, venous channels are opened and 
the intialuminal negative pressure favors the aspiration into their lumina 
of viable tumor cells Thus, the tumor cells gam access to the blood stream 
and are carried to the lungs where they ma}'^ be “filtered out” in the capillary 
bed, or the tumoi cells, theoretically, could pass on into the arterial blood 
for dissemination throughout the bod}'- This seems to have been the 
situation in the metastasizing tumor we have here detailed, although, to be 
sure, w^e have not excluded the lymphatics of the scalp as the portal of entry 
and route of metastasis nor does it seem possible to do so in this instance 
Just wdiy in most instances of opeiative removal of a neoplasm these sup- 
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posedly “viable” tumor cells do not form metastatic lesions while in rare 
instances they lodge and grow to reproduce the identical tissue of the primary 
neoplasm is not known However, at some future day, this may be explained 
by certain cytochemical, cyto-electnc and physical phenomena which as yet 

A 



B 

Fig 5 — Sections of heniingioblastonia lemoved at first operation, 

A, stained avith hematoxjlin and eosin (xaSs) , B, stained a\ith Perdiau’s 
silver stain for reticulin (X150) 

remain obscure to investigations Certainly, nothing is to be gained at this 
time b) pure speculation 

In reviewing the cases lepoited as cases of metastasizing intracranial 
neoplasms, we have collected about sixteen A study of these reports has 
emphasized m oui minds the difficulties one encounters in being certain that 
a given tumor is prnnaiy in the brain or elsenhere Consequent!}’- ne have 
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divided tlicse cases into ihiec i,noups (i) Those eases we do not believe 
have been show'ii to lie c'ases of primaiy tnmoi of the brain, oi w'e cannot 
be sure the metastatic tnmoi s, if such they weie, came from the brain 
tumor, (2) cases m which metastasis was questionable, but could possibly 
have arisen fiom tumois of the brain, and (3) cases in which metastasis was 
jirobable but not entirely ceitain 

Gtoup ] — Although It does not seem of much ealue to leview those 
lepoits w’hich occuiied ]nioi to the beginning of the eia of modern methods 
of staining <md histologic diagnosis, it h.is become neeessaiy to do so, since 
ceitam cases have been lepoited bv othei aulhois as examples of this type 
of neoplastic activit) Among such cases aie those of Klebs*’ (1889) and 



Fig 6 — Scctioiis of heiinngiohhstoim rcino\C(l second npernfion, stimed 
^\ltll lieiinto\\ lit! ^nd cosin (a^Sc;) 


LindneA (1902) Klebs’ lepoit seems to us to have been extiemel} brief, 
to have lacked details and photomiciogiaphs 01 olliei ilhistiations Lindnei s 
ease, although lepoited in moie detail, may w'ell have been a case of highly 
anaplastic piimaiy tumoi of the uiinaiy liladdei with metastasis to the 
meninges (caicinomatosis^) 

In moie recent yeais eeitam lepoits based on clinical obseivations cei- 
taiiily cannot be accepted as lepoits of pioved cases Pendergiass and 
Wilbur^^ (1928) failed to repoit any histologic examination of the metastases 
and in the lepoit by Rogeis, ef (i 93 S). and by Sachs, et (1936) 
theie w'eie no postmoitem studies made to confirm then obseivations Al- 
though Foot and Zeek' lepoited that thev were unable to find any melanotic 
lumoi nodules othei than those in the lungs and meninges it is w^ell kiioivn 
that such tuinois metastasi/e eaily when the priinai}' neoplasm inav be 
evei so small Although the patients m these cases mac have had a piimaiy 
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meldnonu in the leptomemnges. in Mew ol the mdn) possible pnmaiy loci 
it IS certdinh open to consicleidble doubt 

CtohP 2 — In this gioup we include those cases in which we belieAC theie 
is still a leasonable doubt that the} fulfill all of the ciiteiia foi pnmaiy 
mtraciainal metastasumg tuniois 

It would seem to us that Dans* (i92tS) had faiih well pioved Ins point 
weie It not that his photoiiiiciogiaphs weie not too distinct, and it is also 
noted that Bailc} has not accepted this case as a Upical case Wohlwill’s^’ 
(iQ 3 o) photomiciogiaphs aie not at all conMiicing although his desciiption 
would confiim Ins contention 


mm. 


Sections of hemaiigiobhstomn obtinied Tt neciopsv and stained with hematox>lm and 
'’a ^BO"ing sheets and strmds of cells uith in'in> mitotic figiues (X285) , B, showing vascii 
C^Ss" clnuncls (-"^so) , C, showing tiimoi tissue pirtnlly filling a ^'IscuIar clnmiel 

Brandts’^ (i 934 ) leport was gncn without details and wnthout photo- 
graphic evidence to suppoit his case In the case leported by Mittelbach® 
(1935)1 the patient may w^ell have had a highly malignant primary carcinoma 
of the lung, as suggested by Fischer-Wasels For this reason, w'^e are not 
at all sure he has proven that this is a case of metastasizing intracranial tumor 
Nelson s*-* (1936) report is a little more convincing than some of the 
others, hut certain inaccuracies make us hesitate m accepting his case as 
a case of medulloblastoma Fust of all the tissue obtained at the time of 
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the first operation perfoimed at the clinic was examined by Dr Kernohan, 
and reported as inadequate for diagnosis For that reason- he did not com- 
mit himself any fuither than to state that the lesion appeared to be a 
malignant tumor From the photomici ogi aphs shown m Nelson’s article, 
we agree with Di Bailey that it would be difficult to distinguish this tumor 
from a sarcoma The question then arises as to the site of the primary 
neoplasm 

A 



B 

® 9^ liemangioblastoina in lung , stained with lietnato\j 

Im and eosm (X285) , A, arrangement of cells in sheets and strands, B, for 
mation of vascular channels 

The case recently lepoited by Jurow'* (1941) is most interesting in that 
tumor was not a malignant but appaiently a benign meningioma that 
Ci-dstasized to the lung It seems regrettable that the photomicrographic 
idence of the pulmonaiy lesion was not moie convincing 
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Russell and Sachs^“ (Case 2) is open to some question since there was 
an interval of 15 }eais between the removal of the malignant meningioma 
and the appearance of the metastases in the lungs, pleura, abdominal lymph 
nodes and vertebia Might the patient not have had another primary 
extracianial tumor which pioduced these metastases^ In spite of the 
excellent desciiption given by these authois Ave could not be ceitain of 
the nature of the pulmonary lesions fiom then photomici ographs 

Gioup 3 — In the thud gioup we have included the leport of metastasizing 
tumors wdnch Ave feel aie, in all probability, excellent examples of primal y 
mtracianial tumois w^hicli have metastasized outside the central nervous 
system and its envelopes In this gioup w'e -would include the cases of 



Fig 9 — Metastatic tumor of lung showing reticulum pattern, stained with 
Perdrau’s reticuhn stain (Xiso) 


(i) Cushing and Eisenhardt^ (malignant meningioma), Cases i and 3 of 
Russell and Sachs (“fibrosarcoma” — malignant meningioma), and the 
case which we have just reported (hemangioblastoma) 

Another case, that reported by Towme,^** might well belong in this group 
ivere it not for a more strict conception of metastasis His patient had a 
malignant meningioma which invaded the inferior longitudinal sinus with 


extension into the straight, superior, right and left lateral sinuses and down 
into the internal jugular and innominate veins as far as the upper part of 
the superior vena cava It truly was a most remarkable neoplasm In 
addition, there w^as a report of the removal, one yeai previous to the patient’s 
death, of an endothelioma of the carotid body ” This may or may not have 
been a metastatic nodule from the primary tumoi in the brain or might 

have been an extension of the tumoi through the w^all of the left internal 
jugular vein’ 
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SXJMMAia 

In tlie cHbC of metastasizing intracianial heincingioblastoma which wt 
have repoited, the patient lived three }ears and nine months alter the 
first appearance of symptoms, and one year and three months after the 
first suigical piocedme Sixteen cases of piimaiy intracranial tumois wdiich 
have been lepoited as metastasizing outside the central nervous system 
and its envelopes have been leviewed Six aie not accepted and seven 
otheis aie accepted as possible cases of metastasizing intracranial tumors 
but are open to question Another thiee cases aie in all piobabihtv excellent 
examples of this Ape of lesion To these thiee cases we have added anothei 
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CONSERVATION OF LUNG TISSUE BY PARTIAL LOBECTOMY 

Major Brian Bladus. M C , A U S 

THORVCIC SURGFRY SUCTION, W IlLTCR Rl CD Gl M I AL HOSPITM 
WAMIIXGfOX, D C 

Thl rRA.KSiTiOK ol pulmonan anatomy fiom an acadennc to an applied 
subject became complete when the moitaht} and moibiditj of thoracic 
operations ere low ered to about the same oi dei as encountered m operatn e 
procedures elsewhere m the bod} The lungs, the pulinonaiy lobes and the 
various divisions and segments of the lobes have been the objects of mtensue 
and systematic studies by vaiious investigators The surgical possibilities 
are becoming more and more appaient as this knowledge increases 

Before anesthetic technics were perfected, assuring the safety of un- 
hurried and precise operating in the open chest, surgeons w^ere forced 
to place a premium on speed Pulmonary resections in most cases w^ere 
accomplished as rapidly as possible by mass ligation of the hiluin of the 
lobe with the aid of a tourniquet It was necessary, therefore, to sacrifice 
the entire lobe regardless of the extent of the disease Even before researches 
m the surgical anatomy of the lungs eliminated the necessity of mass ligation 
methods in many cases, it was recognized that the five pulmonary lobes dis- 
tinguished by more or less constant fissures could not be regarded as the 
structural units of the lungs based on the distribution of the bronchi and 
blood vessels The importance of the lingula of the left upper lobe has been 
appreciated for many years And the dorsal divisions ot the lower lobes 
were considered as separate units of the lung b} EwaiP as early as 1889 
111 1934? NelsoiE suggested that the lungs were made up of eight lobes 
Two upper lobes, two middle lobes (the lingula of the left upper lobe was 
considered the left middle lobe) the dorsal divisions of the low^er lobes and 
the basal divisions ot the lowei lobes (Fig i) 

An anatomic approach to pneumonectomy b} separate ligation of the 
structures at the pulmonary hilum was fii st practiced by Rienhoft ^ 
Mason,"* and Crafoord The technic was soon adopted w idely because the 
incidence of successful closure of the bronchus was greatly increased The 
success of the method stimulated several mvestigatois'* to stud} the surgical 
anatomy of the pulmonary lobes in an cfloit to determine the feasibiliti 
of separate ligation of each anatomic stiuctuie when lobectomy is performed 
These studies have demonstrated that 111 many instances and probably in the 
great majority of cases, individual ligation of the stiuctures at the roots of 
the lobes is a teasible procedure The technic is preferable because the 

incidence of severe putrid empyemas following mass ligation methods is 
greatly reduced 

An important contiibution by Churchill and BelsejJ m 1938, suggested 
tiat desjiite the lack of uniform and well-defined surface markings the 
hronchopulmonari segments might replace the lobes as the surgical units 
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of the lungs They applied the principle of segmental pneumonectomy in 
resection of the lingula of the left upper lobe (left middle lobe) by removing 
the posteromedial segment of the lingula and also employed the technic 
in operations on the dorsal divisions of the lower lobes Subsequent experi- 
ences have demonstrated that it may be possible to conserve important 
amounts of lung tissue m selected cases by the extirpation of the diseased 
pulmonary lobules of a diseased segment rather than an entire lobe The 
successful application of the principle of partial lobectomy depends upon 
an intimate knowledge of the structural anatomy of the lung It is desirable, 
therefore, to review briefly the various lobes, divisions and segments of the 
lungs and establish the surgical and pathologic significance of each In 
the following discussion of the surgical units of the lung, tlie nomenclature 
proposed by Adams and Davenport‘S will be employed 

I^OUR MAJOR SURGICAL UNITS O? LUNG- 
iAEDLMy 



Fig I — DnsTiimmatic representations of the surgical lobes of 
the lung Each unit has a separate bronchus and arterial and 
aenous channels accessible for indiaidual ligation technic 


THE STRHCTHRE OF THE LOW’^ER LOBE 

Both lower lobes are composed of tw'O divisions, namely, the dorsal 
and basal divisions 

The dorsal division of the lower lobe is such a well-defined and constant 
structure that it is generally consideied as a separate lobe This division 
of the lower lobe possesses a definite arterial and venous channel and a 
separate bronchus Not infrequently it is separated from the basal portion 
of the lower lobe by a distinct fissure, and of all the pulmonary segments 
it is most adaptable to separate removal Precise localization of the doisal 
division segment at operation, even wdien the supeificial markings are 
absent or incomplete, is not difficult because its bronchus is easily accessible 
and, by occluding it, a delineating atelectasis of the division can be produced 
The dorsal divisions of the lower lobes have special significance both 
surgically and pathologically since these segments are by far the most 
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Fig 2 — A Roentgenograms of tire chest demonstrating a sharply localized lesion of the dorsa 
diMsion of the right lower lobe n’t, j i 

B Appearance of the chest after resection of the dorsal division of the lower lobe ine dorsal 
division winch contained a chronic pulmonary abscess was removed alone and the entire basal 
dn ision of the lower lobe sa\ ed 
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trequent bitCb ol pulmonan absccbs Iinolvenient ol thcbe divisions In 
bronchietdsis is rare, howevei, despite the pi edominance of bionchiectatic 
lesions in the basal segments of the same lobe It becomes appaient, there- 
fore, that it the disease is sharply localized to eithei division of the lower 
lobe the ailected poition of the lobe may be remoied separate!} (Fig 
2 V and 13) 


SURGICAL UNIYS QF EOWBR 

LOWER LODE ALOUE Medial Vieit^ 



L0^VER LOBE ALONE LATERAL Vl£\\^ 



DORSAL DIV 


POSTERIOR MEDIAL 

Seqment 


posterior LATERAL 
Segment 


1 IG 3 — SclicnntiL drawing'' of the lower lobe demonstrating 
the four segments of the Ineal dieisioiis 


BASAL I)I^ ISION OF THE LOM EK LOBE 
Ihe basal division of a lowei lobe is divided into foui faiil} constant 
segments — anteromedial, posteromedial, anteiolateial and posterolateral (Fig 
3 ) In some cases an attempt to resect any one of the four segments m the 
basalar division would be impractical and dangerous The superficial mark- 
ings on the surface of the lungs are rarely sufficiently clear-cut to distinguish 
clearly each of the four segments, and inaccurate localization might result, 
in some instances, in incomplete extirpation of the diseased lung tissue 
Hot\ ei er when both of the antenoi segments or the posterior segments are 
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leinovcd theie is a sufficient maigin of safet) to insiiie complete ciadication 
of a lesion confined to the penphcij m an anteiioi oi posterior position 
Visualization of the Ioaaci lobe bronchus with a bronchoscope will reveal 
two segmental bronchi, and sometimes all foui segmental bronchi can be 
seen Adequate bronchography and bronchoscopic examination will establish 
the anterior or posterioi location of the lesion Not infrequently, one oi 
more of the segments ot the basal division will be shaiply defined by iiidi- 
mentaiy fissuies If pieopeialue locah/ation places the lesion, nsiialh 
bionchiectdsis in the well delineated segment, excision of the single seg- 
ment IS safe and advantageous (Figs 4 and 5j 



lie RoentgenoRram'! of the chest showing i sharpU localized peripheral lesion of the anteio 

medial segment of the right lower lobe 

THE HIDDLE LOBES 

bor surgical pin poses, the lingula of the left uppei lobe may be legaided 
as the left middle lobe Except foi minoi anatomic vaiiations, and peihaps 
embryonic difterences, the lingula is compaiable in eveiy respect to the 
right middle lobe Both pathologically and surgically they aie of the same 
significance For example, the lingula is involved m moie than 60 per cent 
of cases of bronchiectasis of the left lowei lobe The same condition is true 
for the right middle lobe when the light lower lobe is broiichiectatic The 
boundaries of the lingula and the right middle lobe aie easily identified and 
their bronchi are of sufficient lengths to allow individual management The}' 
both aie composed of two segments, the antei olatei al and posteromedial 

Segmental pneumonectomy on the lingula division has been performed 
successfully by Churchill ‘ ivith lemoval of the posteiomedial segment alone 
It IS questionable hoivevei that individual lesection of eithei of the segments 
of the light middle lobe would be advisable The segments on the light aic 
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difficult to identify and little lung tissue would be saved Lesions localized 
in the right middle lobe should, therefore, be removed by complete lobectomy 
In this connection it should be stated that if there is any question concerning 
the amount of lung tissue to be excised the surgeon is obligated to erroi on 
the radical side Inadequate extiipation of the diseased tissue will cast 
disrepute on a pimciple that is sound w'hen employed propeily 



Tig 4B — Bronchognm dcmonstritiiiB amputited bronchus to 
the anteromedial segment The patient ins suffering from intractable 
hemopt>sis originating from localized bronchiectasis of the antero 
medial segment of the lobe The remainder of the lobe was conseraed 
b> partial lobectomj The patient is cured, and is now on actne 
militarj duty 

THE SURGICAE UNITS OF THE APICAE DI^^SION OF THE UPPER EOBES 
The apical divisions of the upper lobes are divided into four segments — 
anterosuperior, posterosuperior, anterolatei al and anteroinferior 

Since tuberculosis is the predominant disease of the upper lobes, local 
excision of lung tissue of the anterosuperior oi posterosuperior segments 
will not be indicated in many cases There are, how^ever, occasional instances 
when paitial lobectomy of the upper lobe will obviate the necessity for total 
pneumonectomy For example, bronchiectasis of the anteroinferior or 
lateral segments of the upper lobes may be found in association ivith middle 
lobe disease on the same side The remaindei of the upper lobe can be 
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saved by resection of the involved segment Another important indication 
for the excision of a diseased segment m the upper lobe will sometimes be 
encountered in suspected bronchiogeiiic tumor cases In sharply localized 
peripheral masses fiom which tissue cannot be obtained through the bion- 
choscope for microscopic study, excision of the local lesion should be per- 
formed before a radical opeiation is undertaken Gioss examination and 
lapid microscopic studies of the tissue may prevent the calamity of unneces- 
saiy pneumonectomy Inspection of the suiface of the lungs and palpation 
through intact lung tissue while usually adequate, is not wholly leliable In 



Fig 4C — Photograph of operative incision two weeks after 
the partial lobectomy 


oul own experience, a case which presented all of the characteristic clinical 
features of peripheral bronchiogeiiic carcinoma, except a visible tumor on 
examination with the bronchoscope, was subjected to exploratory thoracotomy 
with the intention of pei forming a pneumonectomy Inspection and palpa- 
tion of the lung in the opeiatmg loom strengthened the opinion that the 
lesion was a carcinoma Local resection of the involved lung tissue and rapid 
histologic study, however, revealed that the lesion was inflammatory 

The hazards of exploratory thoracotomy are so insignificant that there 
should be no hesitation in recommending it if other diagnostic procedures 
have failed to establish the nature of an intrathoracic mass The application 
of this principle will undoubtedly lead to earlier diagnosis and inci easing 
numbers of successful operations for peripheral lung tumors If, however, 
there is any question concerning the nature of the disease, failure to resect 
the local lesion before a radical operation is undei taken will constitute a 
giaAe error in judgment (Fig 6 A and B) 
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HlbCJUmi.MENTS ]-OK PAKTIAE T OliECTOAr'^ 

Ceitam requirements must be fulfilled if the principle of lung conserva- 
tion by partial lobectomy is to be successful First, all of the diseased pul- 
monary lobules must be identified and extirpated , second, the major bronchi 
and vessels of adjacent segments must be left intact , and third, the satisfactory 
repaii of the raw surface of incised lung tissue must be accomplished 



Tig sA — B roncliograin showing shirplj localired bronchiectasis of the 
lingula of the left upper lobe and the posteromedial segment of the left lower 
lobe 

Precise pieopeiative localization of the disease with an accurate appraisal 
of its boundaries in teims of bronchopulmonary segments, can be accomplished 
by conventional roentgenograms, properly prepared bronchogi ams, and 
examinations with the bionchoscope This information, combined ^Mth 
actual inspection and palpation of the lungs when the operation is undertaken, 
will usually localize the diseased lobules in a satisfactory manner When 
the dorsal divisions of the lower lobes or the lingula of the left upper lobe 
are the objects of surgical attack, temporary occlusion of the bronchus to 
the division will positively identify its boundaries If the bronchus to a 
segment is not easily accessible and it is impractical to produce atelectasis 
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to delineate the segment, lapid vaiiations m the mtiatiacheal piessure will 
often aid in outlining the vaiious segments (Fig 7 A, B and C) Careful 
inspection of the lung suiface not mfieqnently will leveal ludimentaiy fissures 
which become more apparent dining inflation and deflation of the lung It is 
oui impression that often the diseased segments fail to inflate as lapidly as 


adjoining normal segments 

Transilluniination of the inflated lung tissue at the opeiating table will, 
w'e believe, fuinish anothei valuable aid in localizing small shaiply localized 
lesions Fiuthei expeiience wnth this method wnll be necessaiy befoie 
its accuiacy can be eialuated 


When a palpable mass is encounteied the simple ex- ,, 
pedient of excising it ivith a maigin of healthy tissue is j 
permissible This piactice wall not, hoivevei eliminate I 
the necessity of careful and complete pieopeiative local- > 
ization of the disease I 

There is little danger of injuimg the bionchi and blood | 
supply of adjacent lung tissue wdien a diseased segment f i 



of a lobe is extirpated The rich pulmonai} blood supply 
limits the possibilities of pioducing gaiigiene of lung tissue 
to ligation of major vessels 01 to the injudicious use of 
encircling ties ivhich wall occlude the blood supply to dis- 
tal lobules A comparable maigin of safety is also piesent 
in the bronchial tree Many of the limbs of the tree can be 
destroyed so long as the tiunk is pieseived Excision of 
the peiiphery of a contiguous segment will, therefoie, 
cause no permanent damage 

If the principle of partial lobectomy for the conseiva- 
tion of healthy lung tissue is geneially adopted, it is safe 





I 

I 


I 



to assume that various lefinements m operative technic 
wall develop The method I shall describe is offeied as one 


which has proved satisfactory m a senes of eight cases 
(lemoval of the lingula not included) Theie w^eie no 
deaths and only one case was complicated by postoperative 
empyema Assessment of any influence on the immediate 
mortalit)'- of the procedure compaied to total lobectomy, 
how^ever, must aw^ait furthei expeiience 

Morbidity and empyema become almost synonymous 
in a consideration of lung operations and infections of the 
pleura, and usually result from bionchial fistula Thor- 


Fir sB — Photo 
graph of patient i8 
days after Iingulec- 
tomy and partial lower 
lobe lobectomy De 
spite the rather min- 
imal amount of 
bronchiectatic dila 
tions the patient was 
incapacitated by a 
chronic productive 
cough before the op 
eration The soldier 
has returned to duty 


oughl}' satisfactory results in partial lobectomy wall 
depend, therefore, upon the ability of lung tissue to heal aftei incision and 
sutuie Experimental observations by Olch and Ballon'’ indicate that 
healing and scai tissue formation in the lungs is similai to that elsewFeie 
tie bod\ There is, in addition to laboratoiy observations ample clinical 
CMC ence to piove that the pulmonai y paienchiana heals readilj" provided the 
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blood supply is not deslioyecl and the incision is made Ihiough healthy tissue 
The bronchi in the peiipheial poition of the lungs aie of small Ctdibci and, 
unless the}' become fixed to the chest wall, pcimanent closuie of the divided 
bionchi can be anticipated m most cases It is in this connection that the 
use of a pleural giaft, which w'lll be desciibed, is probably of gieat value 

OPERATIVE TECHNIC 

No comment is necessai} on the technic of hngulectomy The method 
desciibed b} Churchill and Belsey" is entirely satisfactory and geneialh 
accepted Excision of the dorsal division of a low'Ci lobe can usually be 



Tir 6A — Preopentivc rocntgenognni of a c^se which was considered to be bronchiogenic 
carcinoma 

B Roentgenogram of chest ten dajs after local resection of an innammator> lesion Total 
pneumonectomv was aaoidcd by partial lobectomj The haziness m the lower right chest represents 
a small amount of fluid and thickened pleura , the result of the thoracotomy 

eftected through lelatively avascular lines of cleavage aftei the bionchus 
and blood vessels aie identified and secured ^^'hen the bionchus is 
occluded the line of demarcation betw'een the basal and doisal divisions 
will be shaiply defined and the incision through the lung tissue made at this 
propel level Paitial excision of the basal division of a low'ei lobe how'evei 
necessitates incisions thiough lather thick, vascular lung tissue Extirpation 
of the diseased lobules m this location may be accomplished b}' placing one 
small hemostat at the desired position and incising the tissue below the 
level of the instiument The bleeding vessels in the undamped cut-surface 
of the tissue to be removed are seized separately to maik their exact positions 
After the division of appi oximately one inch of lung tissue the line of 
incision is approximated and the positions of the vessels held by the 
proximal clamp are determined These vessels are controlled by suture 
ligatures before the clamp is removed By lepeating this maneuver, the 
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segment or desired amount of lung tissue is excised When the hemostat 
IS removed, oozing from the cut-surface, or a vessel which has not been 
seemed by the suture ligatures, is controlled by a few interrupted sutures 
of fine absorbable material The ra^v cut-surface of lung parenchyma is then 
covered with a large giaft of parietal pleura, which is obtained from the chest 
wall (Fig 8) 



Fig 8 — Ura^Nings of pleural graft co\cring the line of incision through the 
lung tissue Parietal pleura from the chest wall can be removed easily for this 
purpose 


Incision of the lung tissue by electiosurgical methods might be advan- 
tageous This technic, howevei, must wait for an entirely satisfactoiy non- 
explosive anesthetic agent The application of clamps across the lung 
tissue IS admittedly ciude, but if the instiuments are lemoved quickly the 
rich blood supply of the lung apparently pi events permanent damage to 
adjacent lobules 

It must be emphasized that paitial lobectomy should be reserved foi 
suitable cases The lesion must be peiipheral and pieoperative localization 
must coincide piecisel) with the location of the diseased lobules when the 
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lung IS exposed at the operating table Finally, if theie is any question 
concerning adequate extirpation of the lesion by partial lobectomy, complete 
lobectomy should be undertaken If these precautions are observed important 
amounts of lung tissue ma)^ be conserved successfully in selected cases 
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]\IETABOLIC STUDIES IN PATIENTS WITH CANCER OF 
THE GASTRO-INTESTINAL TRACT’ 

X — ^lI-iPOPROrEINEMIA AND ANEMIA IN PATIENTS WITH GASTRIC CANCER 

Irving Ariel, M D ,t Paul E Rekers, M D , 

G T Pack, M D , anti C P Rhoads, M D 
Nfw York, N Y 

FROM THE MCMORIVE HOSPITAL FOR THE TRF VTMENT OP CVNCPR \ND ALLII D DISL \bLS, 

NEW TORK N 'i 

Patients with gastric cancel fiequently piesent varying clegiees of 
emaciation which conceivably aie due to a disturbed fabrication of proto- 
plasm Since that function is dependent upon propei protein sinthesis, it 
IS iinpoitant to asceitain whethei patients with gastric cancer ingest an 
inadequate amount of piotein oi have some abnormaliti of its metabolism 

There is consideiable eiidence to show that when the tissue protein stores 
aie depleted, the seiuni piotein levels deciease^ Hemoglobin synthesis, > 
neveitheless, ma} continue even during a peiiod of negatue nitiogen balance 
and at the expense of seium piotein foiination- Hence wcie piotein 
s)nthesis unpaired in patients with gastiic cancel, the\ should have a high 
incidence of h) popi oteuieniia and anemia A studv , theiefore was iiiaclc 
to deteimine that incidence, and to asceilani if possible the cause 

CLINICAL MATERIVL AND METHODS 

The incidence of hypoproteineniia and anemia was detei mined among 

1 Twenty-five healthy adults of from 20 to (35 veais old 

2 Ninety-sev eii patients with gastiic caiicci 

3 Twenty-tin ee patients with non-neoplastic gastiic disoideis Seventeen 
had gastric ulceis and six had ati opine gastiitis All had anoiexia 
and a diminished dietaiy intake 

4 Twenty-one patients with nonspecific 01 al leukojilakia 

5 Twelve patients who had had a gastric caicinoma lemoved fioni tliice 
months to ten yeais hefoie the piesent stud} 

6 Finally, a last gioup of ten patients with gastiic caiKCi who wtic 
studied m particular to asceitam whether 01 not thev cxcietcd in then 
feces an abnoimally gieat amount of nitiogen 

No patient was studied until he had taken an adequate diet foi at least 
two days, and w'as consideied to be m a satisfactoiy state of h)dration 
All blood samples were obtained when the patients weie in a fasting state 

The chemical methods employed in the piesent studv have been destiilied 
111 pievious communications of tins senes" ' 

Anemia was consi deied to exist when the led blood cell count was less 

*The authors gratefully acknowledge the grant made by the National Cancer 
Institute 

tTiainee in Diagnosis and Treatment National Cancel Institute 
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than foul million and the hemoglobin less than 8o pei cent (Salih scale, 
14 5 Gm hemoglobin = 100 pei cent) Concenti ations of total serum piotem 
of less than 6 6 Gm , albumin of less than 40 Gm , and seium globulin of 
less than 2 o Gm per cent ivere considered abnoimally low 

The ciiteiia used to establish the existence of a dietary deficiency weie 
(a) A histoiy of decreased food intake as obtained from the patient 01 his 
family, or (b) observation of the dietaiy intake of the patient while m the 
hospital 

Bleeding from the gastio-intestinal tiact was established by (a) A histoiy 
of melena or hematemesis within six months pnoi to study , or (b) the 
demonstiation of blood m the stools or gastric content aftei the patient had 
taken a meat-free diet for three days 


RESULTS 

A THE EXISTENCE OF HYPOPROTEINEMIA AND ANEMIA IN NORM iL ADULTS AND 
IN PATIENTS WITH CARCINOMA OF THE STOMACH 

I Noimal Adults — The total serum protein concentrations of 25 noimal 
adults ranged from 6 6 to 78, and avei aged 7 i Gm pei cent Their 1 ed 
blood cell counts ranged fiom 3 8 to 5 4. and aveiaged 46 millions pei mm 
and the hemoglobin concentrations varied fiom 76 to 106, and aveiaged 91 
pel cent By the ciiteria used, then, onl}^ one of the 25 individuals was 
anemic and none weie hypoprotememic (Table I) 


Table I 

THL INCIDLNCL 01 DILTAR-i ULnCILNCA in POPROTEINEMIA AND ANEMIA IN THE GROUPS OP PATIENTS STUDIED 




Patients 


Patients 






AVIth 


AVlth 





Serum Protein 

Hypo- 


Increased 



Patients 

Per Cent Gm Per 

protein- 

Hemoglobin 

Hb Con- 

R B C 


with 


on In- Cent 

emia 

Per Cent 

centrations 

mil /mm^ 


Decreased 

adpnnatp. — - . 

'Da** 



. 


R B C 



AC* ^ 


Nrer v_,ent«- — 



Subjects 

Diet Range Aa erage 

Cent 

Range Aa erage 

Cent 

Range Average 

Per Cent 

2 5 normal adults 

0 66-78 71 

0 

76-106 91 

4 3 

8-5 4 4 

6 

4 

97 patients ^^lth 








gastric cancer 

79 39-80 62 

59 

33-100 70 

70 1 

4-4 8 3 

S 

73 

2j p \tients a\ ith 








nonneoplastic 








gastric dis- 








orders 

100 6 05-7 15 66 

35 

67-99 8j 

22 3 

7-5 2 4 

2 

22 

21 patients with 








oral leuko- 








plakia 

33 66-85 76 

0 

78-105 94 

7 3 

8-5 1 4 

7 

7 


12 patients A\ho 
had gastric 
cancer re- 


25 6 7-8 1 7 3 0 63-87 75 5 25 3 0-4 8 4 4 25 

2 Patients zi'ith Gostiic Cat cinowa — The lesults of studies on 97 patients 
with gastiic caicinoma weie in shaip contiast to those in normal individuals 
(a) So urn Piotem — Fifty-nme per cent Avere hypoprotememic Then 
serum levels langed fiom 3 9 to 8 o, and ai'eraged 6 2 Gm pei cent (Table I) 
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Of these 97 patients, the albumin and globulin concentiations were determined 
m the seium of 38 In these, the concentiations of albumin ranged from 
28 to 49, and avei aged 3 7 Gm pei cent, while the concentrations of 
globulin vaiied fiom i 2 to 3 o, and aveiaged 2 i Gm per cent Of those 
patients AMth hypopiotememia, 111 73 pei cent that abnormality was due 
to a deci eased concentiation of the albumin fi action alone 

(b) Anemia — Seventy pei cent of the 97 patients had abnormally low 
hemoglobin concentiations, and 73 pei cent abnormally low' red cell counts 
The hemoglobin concentiations langed fiom 33 to 100, and averaged 70 
per cent The 1 ed cell counts ranged from 14 to 48, and averaged 3 5 
million per mm ’ The anemia w'as maciocytic in 37 per cent, and micro- 
cytic only m nine pei cent 


B THE lAIOSa OBA'IOUS EXBErl^NATIONS TOR THE EXISTENCE OF HIPO- 
PROTEINEMIA AND ANEMIA IN PATIENTS WITH GASTRIC CARCINOMA AVERE 

CONSIDERED TO BE 

I Dicta) y Dcficioicy — Since it has been well established that the fabri- 
cation of hemoglobin and serum piotem can be influenced by dietary factors, - 
the dietaiy habits of the patients AMth gastric caicinoma Avere studied 

TAAenty of the 97 patients aaRIi gastric caicinoma apparently had ingested 
adequate diets, yet 60 per cent of these Avere hypoproteinemic, and 85 per 
cent AAere anemic (Table II) The lemaining 77 patients had taken deficient 
diets, and 61 per cent Avere hypoproteinemic and 68 per cent Avere anemic 
Hence, no coi relation could be found betAveen the existence of dietary de- 
ficiency and that of hypopiotememia 01 anemia 


Table II 


THE RELATIONSHIP OE DIETMn DEEICIENCT TO THE OCCURRENCE OE Hi POPROTEIM MIA \ND VNEMII IN 

patients with gastric cancer 


Numbef of Patients 
20 with adequate diets 
77 w'lth deficient diets 


Per Cent with 
H\ poproteinenii i 
60 
61 


Per Cent with 
Anemia 
85 
68 


xMthough the evidence at hand indicates that the ingestion of inadequate 
diets could not explain the high incidence of hypoprotememia and anemia 
in patients Avith gastric carcinoma, one could not be satisfied that the normal 
values used foi comparison Aveie A'alid controls, since the normal subjects 
diffeied considerably in age and in economic and dietaiy backgiound from 
the patients Avith gastric carcinoma It AA'as impoitant, therefore, to contiol 
these factors fuither 

Accordingly, the incidence of hypopiotememia and anemia Aveie deter- 
mined in two other gioups of patients one with benign gasti o-intestinal dis- 
01 dels and the othei wnth 01 al leukoplakia The patients of these gioups 
Avere of an age, and dietaiy and economic backgiound, similar to those Avith 
caicinoma of the stomach 

In six patients Avith ati opine gasti itis and 17 Avith gastric ulcer hypo- 
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proteineiiiia existed only in 35 per cent and anemia in 22 per cent, although 
all of the 23 patients had taken grossly inadequate diets (Table I) Likewise, 
of 21 patients with oral leukoplakia, 33 per cent had been on grossly deficient 
diets, yet none had hypoproteinemia and only seven pei cent were anemic 
A comparison of these findings wnth those of patients with gastric carcinoma 
seemed to provide sufficient pi oof that the factors of age, dietary and economic 
background of the lattei group w^eie not lesponsible foi their high incidence 
of hypoproteinemia and anemia 

2 Blood Loss — Since the fabiication of hemoglobin frequently may be at 
the expense of serum protein foimation, the continual loss of blood from the 
gastro-mtestmal tract conceivably might have caused both the anemia and 
hypoproteinemia m patients with gastric carcinoma Of 86 patients in whom 
the incidence of bleeding into the gastro-mtestmal tiact was determined, 
blood loss w as noted m 39 In this gi oup, 59 pei cent were hypoprotememic, 
72 per cent anemic, and 31 pei cent had macrocytosis despite the fact that 
they had chronically lost blood In the lemammg 47 patients, who had not 
sustained any blood loss, 67 pei cent, nevei theless, were hypoprotememic, 
74 per cent w^eie anemic and 43 per cent had maciocytosis (Table III) 
Hence, theie was no significant difference m the incidence of hypoproteinemia 
and anemia between the gioup of patients that had gastio-mtestmal bleeding 
and the group that did not 


Table III 


THE RELATIONSHIP OE CHRONIC BLOOD LOSS TO THE OCCURRENCE OF HAPOPROTEINEMIA ANEMIA AND MACRO' 

CATOSIS IN PATIENTS AVITH GASTRIC CANCER 


Number of Patients 
39 with chronic blood loss 
4 7 Avithout chronic blood loss 


Per Cent AVith 
Hvpoproteinemia 
S9 
67 


Per Cent n ith 
Anemia 
72 
74 


Per Cent with Maci O' 
cytosis 
31 
43 


3 The Presence of the Tnmoi — -The possibilities next weie considered 
that patients Avith gastric carcinoma frequently had hypopi otememia and anemia 
because their gastric lesions either interfered with digestion and absorption 
of food or induced a metabolic abnoimahty which impaired protein fabrication 
Measurements wj^eie made of the piotem ingested and nitrogen excreted 
m the stools of ten patients bearing gastric carcinoma All ten w^ere found 
to excrete m their feces noimal amounts of nitrogen (Table IV) This ob- 
seiA^ation would indicate that patients AAUth gastric cancel did not haA^e am 
disoldeis concerned Avith the digestion of piotems 01 the amount of digested 
piotem that could be absoibed 

Finally, none of a group of 12 patients who bad undeigone successful 
lemoA’^al of then gastiic tumors from thiee months to ten vears before this 
study weie found to hai^e hypopi otememia but 25 per cent still Aveie anemic 
(Tables I and V) No con elation could be found betAA'een the peisistence 
of anemia and the mteival aaIiicIi elapsed from the time of resection The 
fact that this gioup of patients no longei Aveie hypoprotememic suggests that 
the piesence of the gastric caicmoma had initiated a disoidei aaIiicIi pi evented 
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the 1101 nial fabiicdtion, utili/alioii oi dislnbution of seruiii pioteiiih Em- 
dentl}, the impaired fabiicatioii of hemoglobin is less often leiersiblc 

STJMMAKl 

The majoiity of patients with gastric caicinoma studied were both h)po- 
piotemeinic and anemic The ingestion of deficient diets and the chronic 
loss of blood wcie not sufficient explanation for the high incidence noted 
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Furthermore, the obseivation that patients beaiing a gastiic cancel excreted 
normal amounts of nitrogen in their feces aigued against the possibility 
Ibat the hypopi oteineinia and anemia w^eie due to a malabsoiption and 

maldigestion of dietary protein How^evei, the resection of the tumor 

apparently improved the abilitj of the patients to fabricate protein, and 
suggested that the piesence of the caicinoma had induced the existence 
of some metabolic abnormality which impaired protein formation The 
role of infection around the tuinoi could not be ascertained m this 

investigation 

The cause of anemia in patients with gastric cancer certainly is not 
deal It has been demonstrated in this study that the incidence and 
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seventy of anemia is no gieatei among the gioup i\ho had manifested 
gastro-mtestmal bleeding, than among those ^^ho did not Moreovei, it 
has been the experience m this hospital that the long-continued administia- 
tion of laige amounts of feirous salts and liver concentrates has not sig- 
nificantly affected the blood pictuie of patients vith gastiic cancel The 
coexistence of hypopiotememia and anemia m these patients, ho\\ever, does 
suggest that the lattei abnoimality ma)’' be due to an inipaiied piotein 
metabolism 


CONCLUSIONS 

1 Fifty-nme pei cent of patients with gastiic caicmoma studied had hypo- 
pi oteinemia and about 70 per cent anemia No con elation could be found 
between the occurience of these abnormalities and the incidence of deficient 
dietaiy intake or chronic blood loss from the gastro-mtestmal tract 

2 The incidence of hypoprotememia and anemia is considerably less 
m patients vho have had their gastric carcinoma removed suigically 

3 The possibiht} is suggested that the hypopiotememia and anemia m 
patients vith gastiic caicmoma is due to a defective fabiication of piotems 
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Duodenal obstruct ion is a common lesion of adult life and is often 
seen as a complication of benign duodenal ulcer Chronic duodenal obstruc- 
tion which results from a congenital anomaly is rare, paiticularly among 
adults The first case of congenital duodenal obstruction recorded is that 
reported by Calder,^ in 1732 Instances of this abnormality were mentioned 
only infrequently 111 the hteiatuie until the possibility of its occurrence 
became rathei generally recognized Kellogg- stated that congenital occlusion 
of the intestines was recoided chmcall}' 49 times m 366,000 cases, but that 
records of postmortem examinations placed its incidence somewhat higher 
Kellogg found that in 31 per cent of cases of intestinal occlusion the duodenum 
IS involved The causes of congenital duodenal obstruction are usually 
divided into intrinsic and extrinsic causes Among the intrinsic causative 
factors are atresia of the lumen, formation of a septum, and complete absence 
or suppression of segments Among the extrinsic factors are included 
abnormal fixation of the duodenum, persistence of the hepaticoduodenocolic 
ligament, annular pancreas and vasuilai anomalies Prenatal mesenteric 
cysts, tumors 01 cysts of the hvei and pancreas are also known to cause 
duodenal obstruction It is common to find associated intra-abdominal 
anomalies in cases in which congenital duodenal obstruction exists Mal- 
rotation of the intestine frequently results m chronic duodenal obstruction 
McIntosh and Donovan,^ and Wakefield and Mayo,"* have given excellent 
reviews of this subject, with a pi esentation of cases demonstrating this 
factor as a cause 

Duodenal obstruction secondary to a congenital anomaly is usually 
manifest soon aftei biith If the obstruction is complete, tbe condition is 
incompatible with life and unless it is recognized and relieved, death will 
occur 111 from one to tiielve days Reports of successful suigical lelief 
of these obstructions 111 eaily life aie appealing more frequently With 
paitial obstruction, life may be consideiably prolonged and the patient may 
reach adulthood It has been stated® that regardless of how long the first 
appearance of symptoms is delayed, these infants do not attain the develop- 
ment of normal childien This statement must be modified by the knowledge 
that in certain cases of incomplete obstiuction noimal development may occur 
This fact IS demonstiated by the case to be reported herein 

The symptoms of congenital occlusion depend largelj'’ on the degree 
of obstiuction piesent Vomiting always occurs, and is severe and persistent 
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if the obstruction is complete, it may be intermittent if the obstruction is 
incomplete The vomitus may oi ma) not contain bile, it usually contains 
undigested particles of food and occasional!) fresh blood If, as fiequently 
occur§, enlargement of the duodenum becomes marked, distention involving 
the upper part of the abdomen, most particulaily the right side, and an 
apparent retraction of the lowei pait of the abdomen aie present Uncom- 
monly peristaltic vaves are visible and duodenal succussion sounds may be 
heaid Jaundice bas been lepoited in cases in which the obstruction en- 
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Tig I — Hugely distended duodenum (D) The pyloric canal (P) is tridelj 
dilated, the stomach (S) is dilated and atonic 


croaches on the ampulla of Vater Distress may or may not be experienced 
When present, it varies from a dull to a severe colicky pain simulating such 
abdominal lesions as appendicitis, duodenal ulcer or acute biliary disease 
\Wien pain occuis, relief is often afforded by a change in posture or by 
pressuie on the median line below the umbilicus 

A case was lecently encounteied of congenital duodenal obstiuction in 
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winch an cxtiemc degiee of duodenal dilatation w'as attained Despite the 
long-standing nature of the condition, the patient, a girl, age i6, did not 
ha\c hei nutiition impaiied, and noimal dcwclopment occuired 

Case Report — A girl, age i6, gave as her chief complaint intermittent attacks 
of epigastric distention followed b}' lomiting Her family history revealed nothing 
rele\aiit Her mother had noted that soon after birth the child suffered from frequent 
.ittacks of \omitiiig She did not attach mach significance to this, because long intervals 
of fiecdoiii often followed the episodes of vomiting, and the child developed iiormallv 
As the child grew older, it was noted that coarse foods would almost ceitanilv cause an 
attack of vomiting, whereas fieedom fioni trouble would coiitmue for maiij weeks 
if the food ingested was soft and easilv assimilated Ihc material vomited was alwavs 
stained with bile and the quantitj was always large Often food ingested several 
days before could be recognized in the vomitus Pam was not experienced at any time 
The patient’s visit to the Ha5'o Clinic was motivated by an aggravation of symp- 
toms, foi the vomiting was becoming of dailv occurrence and was preceded bv 
increasing epigastric distention Despite the aggravation of the svmptoms, loss of weight 
had not occurred and the general state of nutrition was excellent 

The patient was iiormallv developed for her age and did not appear scriouslj ill 
She measured inches (i6o cm) in height and weighed 118 pounds Kg) 

General phvsical examination gave normal results except foi epigastiic fullness and 
a saccussion splash in this region Peiistaltic waves were not visible Blood pressure 
110/70 Urmaljsis gave noiinal findings The concentration ol hemoglobin pei 100 cc 
of whole blood was 135 Gm , the enthiocvtcs were 4,380000 and the leiikocvtes 7,700 
The Kline flocculation test for s>philhs was negative The concentration of blood 
uiea and plasma chloiides measured 26 mg and 561 mg per 100 cc , respectively The 
carbon dioxide combining power w'as 65 volumes pei 100 cc of plasma The value for 
serum proteins was 6 5 Gm per 100 cc and the albumin globulin ratio was normal 
A modified Evvald test meal at the end of one hour demonstrated total acidity of 
18 units, absence of free hydrochloric acid, and a volume of secretion measuring i,3SO cc 
A 1 oentgenogram of the stomach and duodenum (Fig i) revealed an obstruction in 
the lower portion of the duodenum, with tremendous dilatation of the duodenum The 
contour of the duodenum was so huge that it exceeded in size that of the stomach 
The roentgenogram of the thorax was normal 

The patient was prepared for operation by ddministration of a liquid diet 
repeated gastric and duodenal lavage and the intiavenous administration of glucose m 
phvsiologic solution of sodium chloride to which small quantities of the svnthetie 
fractions of the vitainin-B complex and ascoibic acid were added The total dailv 
quantity of fluid aspiiated from the stomach before operation vaiied fioni 2,300 
to S,ioo cc 

Exposuie thiough a primarv uppei right lectis incision levealed a hugelv 
dilated and maikedly thick-walled stomach and duodenum When the transverse colon 
was leti acted upward, incomplete rotation of the colon and invagination of the duo- 
denum between the leaves of the ascending mesocolon were discovered The first portion 
of the jejunum had herniated through an opening in the mesentery of the terminal 
portion of the ileum There w'as maiked obstruction of the bowel at this point 
Dilatation of the duodenum extended to this point of obstruction, the bowel was normal 
beyond this point (Fig 2) 

The lateral leaf of the ascending mesocolon was dissected free so that the bowel 
CO lid be exposed, and the duodenum was dissected fi ee down to the opening in the 
mesentery of the ileum The portion of jejunum involved in the herniation was replaced 
and the opening in the mesentery was closed This maneuver freed the fiist portion 
of the jejunum beyond the obstruction, and it was demonstrated that no intrinsic lesion 
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e appearance of the abdominal viscera at exploration The second and third portions 
have invaginated between the leaaes of the ascending mesocolon There is iiiconi 
the colon Obstruction of the duodenum has resulted from herniation of first por 

uni through a defect m the mesenter\ of the ileum Inset The appearance of the 
. at the completion of the operation 


Tic 2 — 
<if the dueder 
plete rotation 
tion of the je 
abdominal ms 


CMSted in this portion of the bowel A chronicallj-^ inflamed appendix t\as remoted 
an incidental proceduie 

i6 uneventful, and when tlie patient t\as dismissed from our care, 

ajs a ter the operation, she was free from symptoms m every way In a com- 
lunication received from her two months after the operation she stated that her 
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health was much mipro-\ eel and that she had gained approx iniatelj 20 pounds (9 1 
Kg ) 111 the interval 

This case demonstrates that marked duodenal obstruction of congenital 
origin resulting in severe duodenal deformity need not seriously interfere 
■with noimal development The obstruction m this instance was intermittently 
pai tially relieved , this circumstance permitted long intervals of freedom from 
trouble The frecpiency of associated anatomic anomalies in these cases is 
emphasi7ed Incomplete lotation of the intestine was probably the funda- 
mental developmental erioi which bi ought about the condition noted in 
this case 
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DiNLUiicuLv occul lu the jejunum and ileum which aie nonmeckeiian 
in ongin Such chveiticula aie not exceedingl} laie At the Ala}0 Clinic 
liom 1909 to 1942, inclusue, diveiticula of the small intestine, exclusive 
ol duodenal and meckehan diveiticula, weie observed m 122 cases Rankin 
and Martiid^ recoided fifty-tuo ot these cases in 1934 These 52 cases are 
included in the present leport Approximately 200 cases, aside fiom the 
Mayo Clinic cases, are lecoided m the hteiature 

Although these dnerticula in the jejunum and ileum aie not lelated 
to the embryonic omphalomesentei ic duct the uoik of some investiga- 
tors has indicated that they may be of congenital oiigm Otheis’^ have 
piesented a vaiieR of evidence to show that these diveiticula aie, in the 
gieat majority of instances, of the acquiied type It is the puipose of this 
paper to point out the charactei istics of these intestinal outpouchings and to 
discuss the complications to uhich they may give use 

Nonmeckeiian diveiticula of the small intestine occiii more fiequently 
m the jejunum than they do 111 the ileum Of 122 cases m this senes, m 
100 the jejunum was affected In 17 the diverticula weie limited to the 
ileum, and in five the diverticula occuiied thioughout the small intestine 
The proximal portion of the jejunum was most frequently affected 

These diverticula may occui m any position around the circumference 
of the bowel, howevei, the majoiity aie situated along the mesentery 
Sometimes thej are actually within the mesentery, pushing the leaves of 
this structure apart The diveiticula vaiy m size from a few millimeters in 
diametei to laige outpouchings The laiger diverticula in this series 
measured 8 to 9 cm m diametei Most of the diverticula seen had an 
average diameter of i to 4 cm They weie, m geneial, considerably larger 
than the usual tiny outpouchings seen in the colon (Fig i) The openings 
b\ which these diverticula communicate with the bowel vaiy from i mm 
111 diameter to large lumina 3 to 4 cm in diametei 

When these diverticula are large then walls may be of “tissue papei' 
thinness In such cases the wall consists meiely of seiosa and a very thin 
layer of mucosa Small diveiticula have thicker walls consisting of the 
usual intestinal structuies” In 44 of the 122 cases only one diverticulum 
uas obseived Thirty-seven of these sohtaiy outpouchings occurred in the 
jejunum and seven m the ileum In each of the 12 cases two diverticula 
Mere noted, and in the lemammg 66 cases, three or more ueie present 
Diverticula in other viscera ueie obsen^ecl m 49 of 85 cases m uhich necrops\ 
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was ptiloinicd Ol these 49 cases associated diverticula weic noted in the 
colon in 30 in the duodeiniin in 22 esophageal divciticula in two and out- 
pouchmgs of the ininaiy hladdei in ten In 14 of the cases in w'hicli 
neciopsy was pcifoiined thcie weic associated congenital anomalies such 
as Meckel s diveiticulum inahotation of the intestines hemangioma of the 
hvei, exstiophy of the uiinaiy bladdci and congenital p}Ioiic obstruction 
In the 85 cases of this senes in wdiich necrops) was carried out the 
diveiticula m the small intestine lepiesented the piobable primar) cause of 



I'lc I — Uostniortem “ipccinicn obt lined from -\ uliitc nnlc ipe 6. dc id of coroinrj ilironibo'is, 
showinR multiple Hrt,c and sin ill ducrticiiH on tlit meseiiltric border of the jejimitm 


death in onh one instance Diveiticula ol the intestines were observed in- 
cidentally m all the lest In 14 cases caicinoma of the stomach, colon rectum 
gallbladdei 01 panel eas was piesent In an additional 16, malignant disease 
occuired elsewheie in the bod} Othei associated diseases of the gastro- 
intestinal tiact and its appendages obseived m the cases in which necropsy 
w'as peifoimed, included duodenal and gastiic ulcers cholecystic disease 
ulceiative and pseudomembranous colitis caidiospasm congenital pyloric 
obstruction and megacolon 

Nonmeckehan dnerticula of the jejunum and ileum aie noted m all age- 
gioups (Table I) We have found the lepoits of onh seven cases among 
childien less than ten years of age”’ ** ’’’ ''' The youngest in the 

piesent senes of patients w^as 12 }eais the oldest 91 a ears of age Appioxi- 
mately two-thirds of diveiticula of the small intestine (84 of 122 cases) 
occuiied m the male sex 


Tahi r I 


vrr DiSTRini'TiO'J or 122 CAsrs or sosMrcKn ian 
Age 

in YenrA 
10-10 
20-20 
10-30 
40-40 
i 0-50 
60-60 
70-70 
80-80 
OO-p 


nnrRTicuiA or Tiir jrjusuM and nri'Ai 
No of 
CaseA 
2 
7 
6 
IS 
24 
S8 
21 
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At the ]\la)0 Clinic most of the di\ ei ticiila oL the small intestine have 
been found at neciopsv {85 cases) Some have been lecogm/ed dining 
the couise of abdominal opeiations (21 cases) These diveiticula aie not 
easily identihed at the opeiating table Even when the) aie distended with 
intestinal contents. the\ may oftei so little lesistaiice to the palpating hand 
that the\ will escape identification Often tliei aie hidden within the leaves 
of the meseiiten 



Fig 2 — Roentgenogrim of simll intestine following ingestion 
of n Innuni nienl showing multijile Inrge jejunal cliverticuln 
Ihc patient was a female, aged 47, who had had chronic nicer 
ati\e colitis for niana a eats 

In 16 of the cases of this senes the diveiticula w^eie found on loentgeno- 
grapluc examination of the small mtestuie Accoidmg to Weber,'’" if the 
roentgenologist is given the opportumt). he can diagnose the condition with 
compaiative ea«e Iw i oentgenoscopic and loentgenogiaphic examination, 
cliaiacteiistic loentgenogiams (Fig 2) aie piodiiced 

Uncomplicated diveiticulosis of the small intestine does not give use 
to ail} charactei istic s}mptoms In five cases of the gioiip m which necropsy 
was not performed all othei abdominal oigans weie luled out as possible 
causes of the piesenting simptoms by multiple loentgenogiaphic and clinical 
tests The patients in these five cases all complained of constipation flatulence 
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and abdominal discomfort Tlie abdominal discomfort varied from mild, 
indefinite abdominal aching to fiequent, moderately severe attacks of pain 
without definite localization These symptoms vere possibly attributable to 
the diverticula Edwards’^ has had a similar experience He stated that 
abdominal discomfoit and fiatulence are the most common symptoms of 
uncomplicated diverticulosis of the jejunum These symptoms are m no 
sense chaiacteiistic of any disease and aie. theiefore, of little aid to the 
clinician m the diagnosis of tins condition 

Diveilicnla of llie small intestines give symptoms vhen complications 
occur Complicating conditions attiibutable to, oi intimately associated 
\Mth, the piesence of diverticula in the jejunum oi the ileum were obsen'^ed 
in 13 of om 122 cases 

The knowm complications of, or associated with, diverticula of the jejunum 
and ileum have been compiled from oui cases and those recorded in the 
literature (Table II) With further experience this list will undoubtedl} 
be found to be incomplete At present however, it represents, as far as can 
be ascertained, a complete summaiv of the obseived pathologic complica- 
tions of nonmeckehan diveiticula of the jejunum and ileum 

Tvni r II 

COMPLICATIONS or, OR ASSOCI UI D WITH NONMECkLUAN DU PRIICUI \ 01 Till JEJUNUM AND ILPUM 

A Acute mechamcil intestinal obstruction 

1 Trom enteroliths formed within ditcrticuli 

2 From presiure of inflammatorj mass associated with diverticulitis 

3 From volvulus of the intestine 

4 From stricture or adhesions from ancient diverticulitis 

5 From pressure of filled div erticiila on intestine 
B Chronic intestinal obstruction 

1 Without apparent mechanical obstruction 

2 From stricture or adhesions 

C Inflammatory disturbances v ary mg from mild catarrhal inflammation to gangrene resulting in perforation 
and peritonitis 
D Intestinal hemorrhage 
E Rupture of diverticulum 

1 Spontaneous 

2 Traumatic 
F Foreign bodies 

1 Bones etc 

2 Parasites 

3 Enteroliths 

G Neoplastic disease and formation of heterotopic tissue 

1 Benign 

a Fibroma 
b Lipoma 

c Accessory pancreatic tissue 

2 Malignant 

a Carcinoma 
b Sarcoma 

Symptoms of chronic intestinal obstiuction may be associated with 
diveiticulosis of the small intestine A lemarkable condition is thus pro- 
duced, and in oui cases it w^as the most commonly observed complication 
In this condition the segments of bowel which give origin to the diverticula 
are markedly dilated and have thick, hypertrophied w'alls The changes in the 
bowel are similar to those found m a loop of intestine wdiich has been ob- 
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structed mechanically for a long peiiod In three of the six cases of 
diverticulosis, with symptoms of chronic obstruction of the jejunum, of 
this series, however, we did not observe any mechanical obstruction to which 
could be attributed the dilatation and hypertrophy of the segments of bowel 
affected b)^ the diverticulosis This unusual picture of “chronically ob- 
structed-ajDpearmg” intestine and diverticulosis of the involved segments 
without demonstrable mechanical inteifeience with the continuity of the 
bowel, may lepresent a “fimctional” type of obstruction The following 
cases are illustrative 


REPORT OF CASES 

'Case I — A male, age 5 1, entered the clinic complaining of intermittent periods 
of epigastric distress, flatulence and occasional abdominal distention of 20 years’ 
duration During the month prioi to his admission his symptoms had been severe and 
had been accompanied by attacks of distressing pain m the left upper quadrant of 
the abdomen There had not been any vomiting or obstipation Roentgenoscopic 
examination of the small intestine after the patient had ingested a barium meal 
revealed evidence of chronic obstiuction of the small bowel 

Abdominal exploration was performed, and it w'as found that beginning about 
12 or 14 inches (30 01 36 cm) below' the oiigin of the jejunum w'erc multiple 
diverticula involving the bow'el for a distance of 8 to 10 feet (24 to 30 meters) 
These diverticula w'erc all on the mesenteiic border of the bow'el and protruded 
between the lajers of the mesentery They varied in size fiom 2 to 6 or 8 cm 
Thej w'ere literally studded along the mesenteric border of the intestine Many 
of the diverticula had a cystic appearance and w'ere thm-w'alled, almost like tissue 
papei, as compared w'lth the thickened wall of the bowel itself In all the large 
dnerticula a distinct opening into the bow'el could be felt by invaginating the wall 
of a diverticulum into the lumen of the bowel In some, the opening w'ould admit 
tw'o fingers The dnerticula could be compressed easily, the an which tney contained 
passing readily into the intestine The jejunum w'as dilated to tw'O and one-half 
times its noimal size, and the w'alls w'ere thickened and hypertrophied A thorough 
search, how'ever, did not reveal any evidence of mechanical interferences W'lth the 
continuity of the bowel The remainder of the intestinal tract, including the stomach 
and duodenum, w'as normal A side-to-side anastomosis w'as made betw'een the jejunum 
and the first pait of the ileum The affected portion of the bowel w'as thus short- 
circuited The postoperative coarse was essentiall}' uneventful 

In the following case the condition was similai to that of Case i, but 
inoie extensive and advanced the duodenum also being involved in the 
pathologic piocess The extreme difficulties of the ladical suigical cuie of 
the condition aie well emphasized 


'Case 2 — A male, age 45, enteied the clinic complaining of having had intei- 
mittent, piogressivelj' more severe and frequent attacks of nausea vomiting, cramping 
upper abdominal pain, borborygmus and looseness of the bow'els He had lost 30 
pounds (136 Kg) and W'as quite weak On one occasion he had vomited a large 
quantity of dark blood Roentgenoscopic examination of the small intestine after 
the patient had ingested a barium meal showed evidences of obstruction of the 
duodenum and duodenal diveiticulosis 

Abdominal exploration w'as performed and manj' diverticula v\eie found along 
tie mesenteric aspect of the uppet fty& feet (15 meteis) of jejunum and 111 the 
uo enuin Manv of these were as large as an “adult’s fist” and extremeh tliin- 
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walled Ihc duodciuini and iippei pait of the jcjuiuini weie inaikedh dilated, up to 
four niehei, (lo cm) m diameter, and then w'alls weie thick and hypertrophied 
1 borough bcaieh, howc\er, did not leveal an\ mechanical obstruction The coiiiiiioii 
bile duct emptied into one of the large duodenal dnertieula \ shoit-cneuiting procedure 
was impraetieal Resection of the imohed poition of the bow'el was iierforiiied 
The common duct was explored, its opening into one of the dneitieula ascertained, 
and its conneetion with this dueiticulum scecied close to the ampulla ot Vatei flic 
set Olid and thud poition of the duoden im and the uppei fi\c tcet (15 meters) of 




I’lc 3 — C^se 2 Ditcrticulosis nnd cliiotiic oI)sti uction of thi, jejunum Suigical 
specimen, 145 cm in length, consisting of s iioition of iluodcniim nnd jiroxim il 
jcjiinum The bowel is nnrkedlj diintcd niid In pertio lined Afnin thin willed di 
lerticuli -ire present on the mesenteric bolder No niechniic-illj obstiiictiiig lesion 
w-is observed 


the jejunum w'Cie meluded in the lescetion The ends of the duodenum and the 
jejunum w’eie inverted and antipeiistaltie anteiioi gastiojejunostonn (side-to-side) 
W'as perfoiined The end of the common bile duct w is then implanted into the blind 
end of the jejunum winch piojected beyond the gastiojejunal stoma The common 
bile duct was chained wotli a T-tube The operation was difficult beca isc of the 
frlabilits of the bow'el and the tendencs of the tissue paper-like walls of the diveitie- 
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ula to lupluie attci the slightest tiauma and contaminate the pei itoneum Tlie patient 
expired 24 horns aftei opciation Postnioitcin examination waS not obtained 

A photograph of the pathologic specimen is leproduced m Figuie 3 The segment 
of bo\\el removed measuied 145 cm m length The diverticula vaiied m size fiom 
1 to 8 cm in diametei 

In the piecediiig cases extensive mesenteiic diveiticulosis vas con- 
sideied the cause ot the changes in the bowel by inteifeiing in some w^a) 
with the neive supply 01 mechanicall}^ with the function of the intestine 
The following case, howeiei demonstiated that the same t3pe of “chionicall) 
obstructed-appeaiing” bowel may be obseived when only one diveiticulum 
IS piesent This would seem to indicate that the distuihance of intestinal 
function leading to dilatation, hypeitiophy and thickening of the intestine 
IS not alwa}S explained adequatel}'- by the piesence of the dneiticula The 
dn eiliculosis is piobahly a phenomenon of secondaiy impoitance 

Case 3 — A female, age 63, came to the clinic complaining of progiessueh moic 
sc\cie constipation of manj-^ jeais’ duiation Foi one year prioi to admission 
constipation had been relieved only b3 large doses of cathartics, and there w'eic 
liequent attacks of gaseous abdominal distention and cramping abdominal pam In 
the three months immediateh’^ pieceding admission seveial episodes of seveie abdominal 
distention and cramps, obstipation and repeated emesis had occurred Roentgenogiaphic 
examination of the stomach, small intestine and colon did not reveal any definite 
e\idence of obstruction The rate of passage of ingested barium thiough the small 
intestine tvas delayed, howevei, the opaque meal 1 caching the cecum m 72 houis 

Abdominal exploration evas perfoimed There weie manv adhesions between 
the abdominal wall and the hepatic flexure of the colon at the site of a former chole- 
cjstectomj There was no demonstrable mechanical obstiuction of anv poition of 
the intestinal tract A poition of the jejunum was dilated to about thiee times normal 
size, and its walls were thick and hvpei trophied This obstructed appeal ance of the 
bowel began at the duodenojejunal angle and continued for about tw'O and one-half 
feet (76 cm) Distalh, the bow’el w'as perfectly normal m appearance Theie was 
one dnerticulum, the size of an English w'alnut appi oximatelj'^ m the middle of the 
dilated segment of jejunum No evidence of inflammation about this diverticulum 
or of mechanical interference w'lth the intestinal lumen by the diveiticulum could 
be found The adhesions about the gallbladdei weie sepaiated and the abdomen 
w’as closed The postoperatn e couisc w'as uneventful 

Though the 1 elation of the divei ticulum to the intestinal changes is not 
nuclei stood in the foiegoing case the diveiticulum must in some way have 
pla}ed an important part in the pathologic changes seen in the bowel A 
Similar segmental change in the small intestine, consisting of hi pei trophy 
and dilatation without diveiticulosis is piactically an unknowui condition 

In the following cases mechanical obstruction of the bow^el was de- 
monstrable 

Case 4 — A male, age 64 enteied the clinic complaining of loss of appetite 
and of weight He had had an opeiation for intestinal obstiuction five years prior 
to admission He had had anoiexia for one veai and had lost 20 pounds (91 Kg) 
Hilling the two weeks immediateh pieeedmg his coming to the clinic he had vomited 
lepeatedh Roentgcnoseopie examination of the small intestine showed evidences 
of an obstruetion lesion in the upper pait of the jejunum 

Celiotoniv levelled the daodenum and a portion of tiie adjacent jejunum to be 
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niarkecllv dilated and to liave tliickencd walls Tlieie were multiple diverticula present 
in the mesenteric aspect of the dilated portion of jejunum These varied considerabh 
in size (Fig 4), the largest being 7 to 8 cm 111 diameter Further exploration revealed 
multiple adhesions between the loops of jejunum, which weie dilated and the site 
of diveiticulosis Some of these adhesions definitely constricted the intestinal lumen 
but at no point was there complete intestinal obstiuction The adhesions w'ere freed, 
the appendix was icmo\ed, and the abdomen closed During the immediate postoperative 
course there was intestinal obstruction which soon subsided aftei conservatne treatment 
After the first postoperatne week, coinalescence was normal 



Pig 4 Case 4 Di\ erticulosis and chronic obstruction of the small in 

tcstiiie, showing dilatation and thickening of the intestinal wall Multiple 
diverticula are present on the mesenteric aspect Obstruction resulted from 
adhesive bands 

Case 5 — A male, age foui, entered the clinic with the histoiy and findings of 
recurrent intestinal obstruction Celiotomy foi intestinal obstiuction and adhesions 
had been performed tw'ice pnoi to admission Aftei a pciiod of observation, further 
surgical treatment for recurring obstruction of the small bowiel was advised The 
paients decided to tij^ medical management 
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Nine years later the patient returned to the clinic, with a historj that he had 
been constantly an invalid because of repeated attacks of intestinal obstiuction His 
general state of health was very pooi He now accepted surgical treatment 

Celiotomy was performed The entire intestinal tract was observed to be “firmly 
bound down bj many dense adhesions” The jejunum was dilated and had thickened 
walls On the mesenteric aspect of this dilated poition of bowel were many diverticula 
some of which were 6 to 7 cm in dianietei These large diveiticula were extiemelv 
thin-walled and friable The adhesions that weie kinking and obstructing the small 
bowel were sectioned as completely as possible, and the abdomen was closed The 
patient expired on the nineteentli postoperative daj”^ of peiitonitis and exhaustion 

Case 6 — A male, age 72, came to the clinic complaining of dyspnea, cough, 
flatulence, intermittent abdominal distention and constipation Roentgenologic studies 
of the stomach and colon gave negativ'e results Roentgenoscopic examinations of 
the small intestines revealed extensive divei ticulosis Alultiple small and large 
diverticula were observed in the duodenum and jejunum, the laigest being about 
6 cm in diameter In addition, the jejunum was moderately dilated as though chronically 
obstructed No definite obstructing lesion could be visualized Because of the patient’s 
age, the associated pulmonary disease and the nonemergent character of the abdominal 
svmptoms, operation was not advised 

Spontaneous peifoiation of a diverticulum of the jejunum 01 ileum may 
occui Sev’^eial such cases have been lecoided m the medical hteiature"’ 

10, IT, , 51 , 4 s, 52 these theie is sudden seveie abdominal pain followed 
by the signs and symptoms of lapidly spieadmg peiitomtis Death ensues 
quickly unless the surgeon inteiv’-enes and closes the peiforation The 
following case is illustrative 

Case 7 — A female, age 57, undeiweiit cholecystectomy and exploratoiy chole- 
dochostoniv for subacute cholec} stitis superv'ening on chionic cholecystitis, as well as 
for cholelithiasis and subacute pancreatitis The postoperative couise was maned by 
a low-giade febrile reaction for the first seven dajs but aside from this, progress w'as 
essentially satisfactoiy until the ninth day On the ninth postoperatiye da}"^ the patient 
was seized suddenlj’^ >vith seyeie abdominal pain The signs of lapidl}"^ spieadmg peri- 
tonitis became eyident and death ensued within 48 houis 

At necropsv, diffuse purulent peritonitis was obseiyed There vveie fiye diverticula 
in the jejunum, each of which measured 2 to 3 cm in diametei In foui of these 
outpouchings there was no eyidencc of pathologic change The w^all of the fifth, 
Iiovveyer, vyas neciotic and contained a peiforation 5 mm in diameter Theie was, 
in addition an abscess of the capsule of the livei Tins abscess had ruptured On 
niieioscopic examination of this diverticulum it was obseivcd that the walls were 
neciotic and infiltiated vyith luflamniatorv’’ cells 

Benign tumois of nonmeckehan div'^ei ticula of the jejunum and ileum 
have been lecoidcd v'^eiy laieh'^ m the liteiatuie Biandes'^ has reported the 
oecurience of a lipoma in association with a jejunal div’^erticulum Othei 
instances in the hteratme hav^e not been found Oui senes contains one 
fibroma of an ileal dmeiticulum and, 111 anothei case, the foimation of hete- 
lolopic tissue in a jejunal diverticulum (accessoi}’’ pancieas) 

■Case 8 — A male age 34 died of pulmonarv complications after ileostomy had 
been pei formed as a first step in the surgical treatment of megacolon At necropsv 
several diverticula were observ'ed on the mesenteiic border of the terminal portion 
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ol the ileuni The largeit dutrticuluin was 3 cm long and i cm m diameter One 
of tliese dncrticnla \\as completely filled with a globular niabs which measured 4 cm 
in diameter Histologic examination ot this tumor reicalcd it to be a benign fibionia 
It had its oiigiii 111 an ileal dnerticulum (Fig 5) 



]'i( 5 — Ctii. S ] ibronn ongimting in a nomneckelnn ileil di\ erticiiliim 

6 — Case g Pancreatic Iicferotopia Tjpical pancreatic tissue foiiiKl 
in the tip of a 1 ir^e jejunal cln ei ticuUim (n 173) 


Case 9 — A female, age a4, died aftei total abdominal hysterectomy foi carcinoma 
of the fundus uteri At necropsy, a solitary dnciticulum, measuring 5 by 4 cm , w-as 
found oil the mesenteric aspect of the uppei part of the jejunum In the tip of 
this outpouching there w-as a small firm tumor jMicroscopic examination of this 
nodule showed it to be comjjosed of tipual pancreatic tissue (Fig 6) The condition 
was aberrant pancieas 111 a jejunal disci ticuliim 
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Dueiticuld ol the gastio-intestinal tiact, in geneial, do not show an} 
paiticular or unusual tendencies to undeigo malignant degeneiation In the 
small intestine both piimai} caicmoma and dneiticula aie laie Monison 
and Feldman’^ have lecoided an instance of a primary carcinoma m a 
duodenal diverticulum Nygaaid and Walteisc® m a thoiongh leview of the 
literature in 1937, "SNeie able to collect six instances of carcinoma and foui 
ot carcinoid tumors which had as then primaiy site a meckehan diveiticulum 
To the present, howevei, no undoubted instance ot piimaiy caicmoma of a 
nonmeckehan diveiticulum of the jejunum has been lecoided The lollowmg 
piotocol, theiefoie, significantly records such a case 

Case 10 — A male, age 27, came to the clinic complaining of progressively more 
severe attacks of ciampmg pain m the lowci part of the abdomen associated -with 
anorexia, vomiting and occasional diarrhea He had lost 20 pounds (g i Kg ) A. 
tumor was palpable m the lett lowei abdominal quadrant The concenti ation of 
hemoglobin was gS Gm per 100 cc of blood 

Abdominal exploration revealed an irreguiaily rounded, tumorous mass, the 
size of an orange, m the left lowei poition of the abdomen This tumor was intimately 
attached to the mesenteric wall of the niidportion of the jejunum but did not extend 
into the lumen of the bowel It was contained in a large, solitary div'erticulum of 
the jejunum There weic a number of enlarged lymph nodes in the omentum and m 
the mesenteiy of the involved poition of bowel There was, however, no palpable 
evidence of extension of the growth into the liver pelvis or other regions, nor was 
tlieie am evidence of a pnmarv’- malignant lesion elsewhere within the abdomen 
Resection of the involved segment of jejunum along with the tumoi, a generous portion 
ot the mesentery and practically all of the omentum was performed Both ends of 
the jejunum were closed, and the contmuitv of the lumen was obtained by a side-to-side 
anastomosis The postoperative couise was uneventful and 22 months latei the patient 
reported that lie was in excellent health 

Photographs of the patliologic specimen are presented m Elgin e 7 The tumoi 
measured 8 by 8 bj' 4 5 cm It had had its 01 igin m a large diverticulum on the mesentci ic 
wall of the jejunum It completely filled the diveiticulum but had not extended into 
the wall 01 lumen of the bowel Histologic examination proved it to be a small cell 
adenocarcinoma, Grade 4 (Broders) 


In Meckel s divei ticula sat comata are of more frequent occurrence than 
caicinomata accoidmg to Nygaard and Walters^® These authors m 1937 
veie able to collect fifteen mstances of sarcomata aiismg in Meckel s diver- 
ticula No case of primar-\ saicoma of a nonmeckehan diverticulum of the 
jejunum 01 ileum has been established as )et. the nearest apjDroach to it being 
the following case m which a leiomvmsai coma was obsen'-ed m association 
" ith a div^ei ticuliim 

Case 1 1 A male, age 47, came to the clinic complaining of indefinite abdominal 
svmptoms Aftei inconclusiv'e examination abdominal exploration was performed 
About four inches (10 cm) distal to the ligament of Tieitz a tumor 2^ cm in 
diameter was obseivcd on the mesenteric aspect of the jejunum About six inches 
(is cm) below this on the mesenteric bordei was a jejunal diveiticulum about 25 cm 
III depth A segmental resection of that portion of tiie intestine which contained both 
tic diveiticulum and the tumor was performed Histologic examination of the tninoi 
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showed it to be a leioiTi 3 ^o sarcoma, Grade l (Broders) This sarcoma had not arisen 
m a diverticulum 

This case is piesented because of the association of the two conditions, 
jejunal divei ticulum and leiomyosaicoma 

COMMENT 

Acute mechanical intestinal obstiuction is the most commonly lepoited 
complication of nonmeckehan diveiticula of the jejunum is, 20, 
21,27 io, 12 , .j, ,7,40,-12, 10 , 10 , oi, i, 74, ".I. Obstiuctioii of the iiitestme may lesult 

fiom the foimation of enteiohths within diveiticula, from piesstiie of an 
mflammatoiy mass associated with diveiticulitis , from volvulus of the bowel 
initiated by diverticula, from stricture or adhesions pioduced by lecent or 
ancient diverticulitis, oi from the piessuie of laige filled diverticula on the 
adjacent hovel 

In the case reported by Chiist*^ the obstruction was caused by a large 
mushroom-shaped coprohth, 6x4x3 cm , which had been displaced from 
a divei ticulum and vas unable to pass through the ileum Enterotomy 
was peifoimed, and the patient recovered 

Stiven'*'^ has lecoided an instance of volvulus which was caused by the 
interlocking of a laige divei ticulum in the teimmal ileum, with a divei ticulum 
of similai size which originated f 10111 the pioximal jejunum The necks 
of the two diverticula were twisted, causing a band, over which a loop of 
small intestine vas kinked and obstructed The volvulus was freed and 
the patient lecovered 

Gordinier and Sampson’s*^ case illustrates the intestinal obstiuction that 
may result fiom diverticulitis At celiotomy upon a female, age 45, a severely 
inflamed diverticulum was found, which was producing adhesions and ob- 
struction of the intestine This divei ticulum was excised and a drainage 
tube inserted The patient recoveied 

Diverticulitis does not always produce intestinal obstruction, how^ever, In- 
flammatoiy disturbances of jejunal and ileal diverticula may vary from mild 
catairhal inflammation to gangrene, pioducmg peifoiation and peritonitis 
In the cases of 0111 senes 111 wdiich neciopsy was perfoimed. there were twm 
instances in which mild catarrhal inflammation of jejunal diverticula w^as 
obseived on loutme examination If the diveiticulitis gave aity symptoms m 
these tw'o cases they w^ere ovei shadowed completely by the more serious 
disturbances wdiich led to fatal terminations It seems likely, however, that 
such mild inflammations of diveiticula might give rise m otherwise healthy 
persons to signs and sjnnptoms of an mflammatoiy mtra-abdommal disease 
Only severe diverticulitis wall produce symptoms and signs urgent enough to 

variant abdominal exploration The hteratuie contains several such re- 
ports “> 15, 22, 23, 44, DC 

It IS surpiising, m view of the thinness of the walls of many of these 
diveiticula of the jejunum and ileum, that luptuie does not occui more 
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ollon thcin is obseived Only a few eases lia\e been leeorded in the liteia- 
tiiie ' Ibe lepoit ol Jiullei and Weeden’’ is illustialive A male, who 

li.id always been pieviousi} well, was kicked in llie abdomen by a hoise 
Uigcnt signs ol a sciious mtia-.djclominal distiiibanee made their appearance 
mmiediately, and ccliotom} was iJeifoiined At operation a ruptuied intia- 
mesenteiic chveitieulum was found and elosed The patient died ten horns 
aftei the opeiation At autopsy, an additional luptuied dneiticulum which 
had escaped obseivation at opeiation was found 

Hemoiihage may oeeui from nonmeckelian diverticulum of the jejunum 
and ileum The loss of blood thus sustained Ina^ be so seveie 
as to demand appiopriate intervention-' 

Foreign bodies may become lodged in the diverticula Examples of 
retained ingested bones, food pai tides,'*- enteroliths, and para- 
sites--' ' have all been lepoited 

Uncomplicated and asymptomatic diverticiilosis of the jejunum or ileum 
does not lecpure smgical treatment In evaluation of symptoms of divertic- 
ulosis, all other possible causes of the complaints must be ruled out. foi as 
we haie pointed out, the outpouchmgs are usuall} silent, and the j^atients 
distiess may be due to an unsuspected disease of the gallbladder stomach oi 
colon To date no patient upon whom the diagnosis of uncomplicated diver- 
ticula of the jejunum oi ileum has been made has been operated upon at the 
clinic foi the lelief of the condition 

When acute complications such as intestinal obstruction diverticulitis 
or luptuie of a diveiticulum piesent themselves surgical tieatment is often 
impel ative In operations upon such cases it is probably best to limit surgical 
tieatment to relief of the uigent condition 

An attempt at surgical elimination of the diverticula is justified when 
persistent distressing symptoms, the svneirome of diveiticulosis and chionic 
obstruction, oi othei chionic complications aie piesent As a rule, enteio- 
entei ostomy, side-tiacking the involved segment is preferable to lesection 
and anastomosis in one stage unless the diverticula are localized to a small 
segment These patients are often pooi suigical iisks Theie is also a 
distinct dangei of ruptuiing one of the fi agile thin-w ailed diveiticula duiing 
an extensive opeiative procediue A shoit-ciicuitmg piocedure alone mat 
leheve the patient of his symptoms If not the involved segment mav lie 
lesected with less iisk at a latei date 

STJMMARl" 

One hundred twenty-two cases of nonmeckelian diveiticula of the jejunum 
and ileum aie reviewed The anatomic and clinical chaiacteiistics of these 
diveiticula have been piescnted A complete list of the obseived pathologic 
conditions to which such divei licula mav give i ise is pi esented The st ndi ome 
of diveiticulosis and chionic ohstiiiction of the small intestine is desciibed 
but is not consideied to be chai actei istic The fiist lepoited case of piimaiv 
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caicinoma ot a jejunal diveiliculum is contained heiein, along with se\eial 
othei unique and inteiesting complications oi nonmeckelian diveiticula oi 
the jejunum and ileum 


REFERENCES 

^ Adams-Ra^, lack A Unique Case ot Subcutaneous Abcloniinal Injuiy, with Intia- 
inesentenal Ruptuie of Diveiticulum of the Small Intestine and Subsequent Pei i- 
tonitis Acta chir Scandinav , 8i, 308-40^, 1938 

- Beiglei, S K, Bloom, A R and Wiable, loseph Diveiticulum of the Tejunum 

Am J Sing 17, log-iio July, 1932 

" Boling 1 R Alultiple Diveiticula of Small Intestine 1 A M A 95, 267, )ulv 
26, 1930 

' Boling, J R Multiple Diverticula of Jejunum, ivith Resection, J A M A, 96, 
526-527 Febiuarj 14, 1931 

'■ Braudes, Karl tlber Dunndarmdivertikel , nebst emem Beitiag zur Beobachtung ernes 
hochsitzenden Dunndaimdiveitikels bei emem Daimlipom Deutsche Ztschi f Chir , 
215, 390-402 April, 1929 

* Buclnvald, Alfred and Janicke Otto II Uber Daimcvsten (Enteiokcstome) als 
Uisache eines completen Darmvei schlussels Deutsche med VVchnschi , 13, 86S-869, 
October 6, 1887 

' Butler R W Observations upon Multiple Intramesentei ic Diverticula of the Small 
Intestine But J Surg , 21, 329-346, Octobei, 1933 
® Butler, R W Traumatic Rupture of Intramesentenc Diveiticulum of the Jejunum 
Brit J Surg, 25, 277-279 October, 1937 

'' Christ, Andreas Multiple Divertikel des Jejunum, A.natomische und klinischc 
Beitrage zur Kenntnis eines seltenen Kiankheitsbildes Deutsche Ztschr f Chir, 
236, 560-570, July 9 1932 

Christie G W Acute Inflammation of a Large Diveiticulum of the Jejunum, wuth 
Perforation But M J i, 990-991 June 24, 1922 
Edwards, H D Diverticula and Diverticulitis of the Intestine Their Pathology, 
Diagnosis and Tieatment Baltimore, Williams Wilkins 1939, 335 pp 
Finney J M T, Ji Discussion Axnms or SuR(.i-ri 107, 798-799, May, 1938 
’ Flvnn Richaid A. Case of Ruptured Jejunal Diverticulum Austialian iS. New' 
Zealand J Surg, 3, 192-194, Octobei, 1933 
Foit, F T Diveiticulum of the Small Intestine Kentucky M J , 19, 208, Apiii, 1921 
’ Foit, F T Solitan Jejunal Diverticulum of Long Duiation, complete intestinal 
obstiuction opeiation, lecoveiv li South S A 41, 292-295, 1928 
Frasei Ian The Diveiticula of the Jejuno-ileum But T Surg, 21, 183-211, 
October, 1933 

Geistei, J C A Divciticila of Tejunum A.nnai s or SuROi ry, 107, 783-800, 
Mav, 1938 

Gladtke Af Dunndarmdiveitikel Deutsche Ztschi f Chn , 224 345-347. 1930 
Gians Alfred Zur lehre der kongenitalcn Darmdneitikel Schweiz med AVchnschr 
50, 1024-1025, No\ ember 4, 1920 

Godaid H Bourdial and Zouiekatis Un cas de dw ei ticulosc jejuno-ileale Ann 
d’anat path 9, 311-315 Afaich 1932 

Goinaid E Gomard P E, and Cheiaux Piesentation d’une divci ticulose de 
jejunum Pi esse med 1, 298 Maich 7 1928 
Goiiuid, Pieiic and Couiiiei R Sur la constation de paiasites dans des duerticules 
multiples dll jejunum Ann d’anat path 6, 189-196, Febiuan 1929 

- Gordimei H C and Samp son I A Di\ei ticulitis (not Aleckel’s) causing Intestinal 

Obstiuction T A M A. 46, 1585-1590 Mav 26 1906 

391 



]3LNS0N, DIXON AND WAUGH '"»‘i ofsur„.rj 

September, 19 1 

GutliriL, Doiicild, and llugliLs, F \,Ji Dncitiuilosn, of tlic Small Intcbtinc Rtpoit 
of liiroL Cabcb Suigcn, i, 5y5-()oy, Apiil, 1937 
Gullit iL, K, and WakofiLld, h. G Uni)nbliblit.d data 
Haltntig Quoted bj R.inkin, I* \V , and \I ntin, W J , Ji 

Ilnbeni, M J , and Pollaek, Simon Dueititnlobib of the Small Intebtine Reiwit 
of a Cabe with Intebtmd Obbtinetion \m J Roentgenol, 40, 689-694 No 
vembei, 1938 

linntci, J 1 \ Akbenterie Cibt of Jcjnnal Oiigm eompbeated bj Retrojcjunal 

Position of the Iransecisc Colon Brit M J , 2, 800-802, October 28, 1922 
Johns, F S Dueiticnla of Icjnnnm With Case Report South Med ek Sing, 
99, 26-167, June, 1937 

Kaspar, Frit? Der Diveitikelilcns Arch f khn Chir , 141, 389-418, 1926 
■>1 Kozmn, P J, and Jennings, K G Jejunal Dnerticuhtis Its Occnirence in a Iwo- 
year-old Girl Am J Dis Child , 62, 620-623, September, 1941 
Lambiet, O , and Surmont, I Uii cas dc diverticules multiples du jejuno-ileon Arch 
d mal de I’app digestif, 18, 765-771, June, 1928 
Larson, E Multiple Diverticula of the Jejunum West J Surg, 46, 127-131, 
Alarch, 1938 

Lewis, F J, and Thjng, F \V The Regular Occurrence of Intestinal Dnerticula 
111 Embnos of the Pig, Rabbit and Man Am J kiiat , 7, 505-520, 1908 
McMurrieh, J P, and Tisdall, F F \ Remarkable Ileal Dnerticuluni Anat Rec 
39. 325-332, August, 192S 

Moiiison, 1 H, and Feldman, Mauiiec Vutopse Report of a Case of Priniarj Car- 
cinoma 111 a Duodenal Diverticulum Ann Clin Med , 5, 326-329, October, 1926 
'■ Neumann, A Wiederholtei Ileus wegeii cigenae tiger Dunndarm-affektion Deutsche 
Ztschi f Cliir , 126, 185-192, Dcccmbei, 1913 
'''* Nygaard, K K and Walters, Waltman Malignant Tumors of Meckel’s Diverticulum 
Report of a Case of Leiomeosarcoma ^rch Surg, 35, 1159-1172, December, 1937 
Ogloblina, S Multiple Divertikel des Dunndarms Zentralbl f Cliir, 58, 3169, 
December 12, 1931 

Pinmnger and Burman Quoted bj Rankin F W, and Martin, W J Jr-*' 

Rankin, F W, and Martin, W J, Ji Dnerticula of the Small Bowel A^vALS 
01 SuRGER-i, 100, 1123-1135, Decembei, 1934 
Renaud, Maurice, and Bergeret Deuv divei ticules de I’lntestin Bull Soc anat de 
Pans, 91, 220-223, April, 1921 

Rosedale, R S Jejunal Diveiticulosis Surg, Gynec S. Obst, 61, 223-228, 
August, 193s 

Rosedale, R S, and Lawrence, H P Tejunal Diverticulosis Am J Surg, 34, 
369-373, November, 1936 

■' Schunk, P M Traumatic Rupture of a Jejunal Diveiticulum Rockv Arountain M T 
36, 327-328, Maj, 1939 

Simons, E J Multiple Diverticula of Small Intestine Report of Case Minnesota 
Med , II, 752-753, November, 1928 

’’ Somerford, Anne E Two Cases of Intestinal Disease in infanev Lancet, i, 1015 
May 10, 1930 

*'* Spackman, J G Perfoiation of a Jejunal Diverticulum Annals or Surgery, 84, 
778-780, November, 1926 

Stiven, H E S Tejuno-ileal Diverticulitis Lancet, 2, 704-705, September 29, I934 
" Tengwall, Ernst Case of klultiple Diverticula in the Jejunum Acta chir Scandinai 
68, 162-170, 1931 

■’* Terry, W I and Muglei F R Dnerticula of the Jejunum Arch Surg 2, 347- 
353, Maich 1921 


392 



Volume 118 
Iv umbel 3 


NONAIECKELIAN DIVERTICULA 


“2 Treves, F Intestinal Obstruction Its Varieties, with their Pathology, Diagnosis 
and Treatment New York, William Wood & Co, 1900, 565 pp 
Turner, Philip A Case of Multiple Diverticula of Jejunum Guy’s Hosp Rep, 89, 
32-46, 1939 I 

Watson, C M Diverticula of Jejunum A Case with Enterolith causing Intestinal 
Obstruction Surg, Gynec & Obst, 38, 67-71, January, 1924 
Weber, H M Roentgenologic Manifestations of Nonneoplastic Lesions of the 
Small Intestines JAMA, 113, 1541-1546, October 21, 1939 
Zagami, Antonio Sulla mesenterite retrattile, uncaso da diverticolo infiammato del 
digiuno Pohclmico, 44, 550-557, October, 1937 
Zengerle Quoted by Kaspar, Fritz 20 


393 



])ERM()I 1 ) CYST i)¥ PANCRE VS 


( \SL KLPOKT 

JOSLPJI L ])eCoui{C^, M D 
CiNciNS \ai, Ohio 

I UOM Tlir DI r \RTMI ST OF SUKCI R\ UFCOURCI CIIMt 

WO Till roon sim^ritas iiosiitm ciscissati onto 

Di KiMOii) c\sih die congenital abnormalities the origin of which is 
linked w'lth disturbances of enibr}onal development Within the C3st wall 
are generally found copious quantities of thick, oih , sebaceous material 
matted togethei with han and teeth 

Although the dermoid cyst is a fairh tonimon anomal} of the ovar\, it has 
been reported m othei parts of the bod}' with var}ing degrees of frequenc} 
Some of these locations have been ver\ stiange Dermoid cysts haAe been 
found m the scalp, skull, face, neck, pharynx tli}mtis gland, hypophysis, 
brain, meninges, mediastinum, mesenten omentum, peritoneum, spinal cord 
testes, bladdei and spleen The\ have also appeared in the orbital, ineso- 
bianchial piesteinal, retiopeiitoneal and sacrococc}geal regions 

1 he paucity of occurience of deimoid cyst in the pancreas is evidenced In 
the fact that not a single case has been reported within the past 20 years 
Survey of the literature revealed but two such cases reported It is felt, there- 
fore, that It may be of interest to review these cases and present the pertinent 
findings 111 the case herew'ith reported fiom the DeCourcy Clinic 

Judd,^ in 1921, m a report of 41 cases of pancreatic cyst, included a single 
case of dermoid cyst Clinical data absti acted from Masson and Caylor’s- 
detailed report of this case revealed that the patient was a 33-year-old female 
w'ho had complained of weakness, backache and growth in the left upper 
portion of the abdomen This growth had been enlaigmg gradually for 
nine yeais It w'as located in the body and tail of the pancreas and w'as 
lemoved suigically Recover} was uneventful and a cure was effected 
Dennis’'* patient w'as a 40-year-old male who had complained of “rheu- 
matism” of the back, mostly on the light side foi a period of three years 
At operation, it became apparent that there was a tumor mass originating 
from the pancieas piobably cystic m nature Because of the intimate 
lelations of important stiuctuies to the mass extnpation appealed too hazard- 
ous and marsupialization was performed Upon opening the cyst the 
dermoid contents w'ere noted “Because of the nature of their lining ’ 
Dennis states, “dermoid cysts yield notoriously unsatisfactory results fol- 
low'ing s mple drainage Had the leal chaiactei of this one been known it 
w'ould perhaps have been wnser to accept the additional risk involved m 
extn nation w'lthout opening it though this would certainly have been great 
The case reported herew'ith piesented s}mptoms even more vague than 
the above Of particular interest also is the fact that this tumor occurred 
in an infant only two years of age 
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Tig I — Sho^^lng the gioss appeirance of the tumor renio\cd Diagnosis Dermoid 
i.\st of pancreas 




Xoiumeiis DERMOID CYST OF PANCREAS 

Nuinljer J 

Case Report — A two-yeai -old female infant was brought to the DeCourcj' Clinic 
m an acutely ill state She was emaciated, apparently fiom malnutrition Her histoiv 
revealed that the child had been vomiting intermittentlv ovei a period of several months 
This symptom had become more frequent wnthin the last two w'eeks On examination, 
she was underweight and iindernoui ished Her tongue had a furred appearance There 
W'as an odoi of acetone on her breath Pulse w^as rapid, temperature subnormal She 
was sent to the Good Samaritan Hospital, wheic glucose was administered intravenouslj 
upon admission, and several blood tiansfusions w^ere performed 

She lesponded wHl to this treatment and, after 24 hours w'as able to retain food 
Within a w^eek she had gained tw'o pounds Consequently, w'e w'eie inclined, at that 
time, to attribute her vomiting to the acidosis 

Physical Ei animation — Palpation of the abdomen levealed a haul nodulai mass 
about the size of a small orange Tw'o-thirds of the tumor w^as felt above and one- 
third below the umbilicus, at the midline It w'as freely movable and not paiticularly 
tender to touch Roentgenograms of the stomach and colon, after baiium enema, local- 
ized the mass as posterior to these structures, in all probability in the lesser peritoneal 
cavity This was as definite a roentgenologic diagnosis as could be made 

As the child continued to improve climcallj", it w'as decided to delay surgery until 
her w'eight and blood chemistry had 1 cached normal levels After several weeks, when 
her general condition w’as deemed sufficiently good for surgery, opeiation w'as performed 

Opeiaiion — Under open ether anesthesia, a right rectus incision w'as made just 
exteinal to the midline Upon incision of the gastrocolic omentum, a hard tumor mass 
W'as discovered embedded in the panel eas at the middle portion The mass w'as lemoved 
w’lth ease Contrarv to oui expectation, bleeding w'as scant Tliere w’as, however, some 
oozing w'hich could not be controlled w'lth hot moist pads 

Our problem was w'hat to do foi the large denuded area ot pancreas lemaining 
After some thought, an opening was made in the transverse mesocolon and a large 
strip of omentum was brought through and sutured to the raw' surface in the pancreas 
w'ath No 00 catgut A small rubbei tube w'as inserted below' this and bi ought out 
tiirough the slit in the gastrocolic omentum Upon completion of the opeiation, a 
small blood transfusion w'as given 

There w'as a slight amount of drainage from the tube It w'as possible, how'Cvei 
to remove the tube on the eleventh postoperative day The child improved, and 
convalescence was smooth and uneventful 

Pathologic Examination — Uiofs Upon opening the tumor, it was found to be 
a evst wall containing all the elements comprising a deimoid evst 

SUMltAKY 

( 1 ) To date, only tv\ 0 cases of dermoid cyst of tlie panci eas liave 
been lepoited 

(2) An additional instance of deimoid cyst of the jicincreas occurring 
in an infant two yeais oi age is desciibed 

(3) Obscmit} of stmptoms and difficult} of diagnosis aie again 

emphasized 

(4) Satisfactor} suigical proceditie and tieatment aie described 
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SPONTANEOUS RUPTURE OF LIVER 
COIMPLICATING PREGNANCY 

Lee Rademaker, M D 

bAiisnunY, Mu 

Sponianeols KUPiuRE 01 THE Eivi R resulting fiom insignificant or no 
tiauma has been noted in the hteiatuie for more than a century The first 
known case \\as le^Dorted b}' Yesalius at some undetermined date Andral, 
m 1829, sketchily repoited two cases complicating lesions w'hich may have been 
gummata or caicmomata In many of the earliest cases there is some possi- 
bility that gastiic hemoiihage, secondary to liver disease, may have been 
mistaken for actual rupture of the Intr Thus, a case quoted m Pans 
Medical, m 1847, by Fauconneau and Dufresne, as reported by Latour, 
w^as undoubtedl}'' such an instance 

Abeicrombie, as communicated by James Copeland, reported a case 
of luptuied hvei complicating pregnane}’- in 1844 In this delightfully 
naive and meticulously detailed repoit, Abeicrombie desciibed a 35-year-old 
wEman wdio, to obtain relief from “gastrodynia,” took recourse to placing 
a silk handkerchief aiound her body and pulling it tight to give her relief 
On this occasion a seivant pulled the handkerchief so tightly that “it made 
me fear some injury under existing circumstances ” Labor followed and 
normal delivery occuried, followed by collapse some 50 minutes later The 
crude stimulants of the time w^ere administeied, several famous physicians 
and surgeons w'ere called in consultation, but the patient died 26 hours 
aftei delivery Autopsy revealed about two pounds of blood m the 
abdomen and two lacerated openings in the liver substance, about an inch 
apart The liver itself presented a mottled appearance throughout and was 
unusually soft Bleeding came fiom a torn branch of the “vena portae” 

Devic and Beriel, in 1906, review'ed the literature of spontaneous rupture 
of the liver McEwan and McEw'an, and Coiriden have added more recent 
and excellent leview'-s 

Spontaneous lupture of the livei is rare and exceptional A number of 
causes foi its occuirence have been described Traumatic rupture we 
know to be no rarity Allessandri (1927) stated “Very exceptionally lesions 
of the liver are obsen’^ed as the result of violent muscular exertion, as m 
the course of parturition or epileptic seizures In such cases it is usually 
necessary to assume a diminished resistance of the organ as a necessary 
condition ” Our case, although complicating pregnancy, w^as not in labor 

Causes other than violent muscular effort aie multiple (Table I) From 
this table it can easily be seen that some associated disease or even minor 
trauma was present in all but three cases of 28 collected It is no wonder 
that Sciacca came to the conclusion that when rupture of the liver occurs 
with minimal cause, the parenchyma is probably not normal 
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Table I 

CAUSES OF RUPTURE OF THE LIVER OTHER THAN VIOLENT MUSCULAR EFFORT 


DatP 

\uthor 

Age 

Cases 

Operation 

Cause 

Result 

1829 

Andral 


2 

Autopsy 

Carcinoma or gumma 

Died 

1831 

Honore 


1 

Autopsy 

Multiple cay ities 

Died 

1836 

Gerard 

52 

1 

Autops> 

None 

Died 

1844 

Sacquepec 

44 

1 

Autopsy 

Syphilis 

Died 

1847 

Fauconneau and Dufresne 


1 

Autopsy 

Typhoid fever 

Died 

1849 

Abercrorabir 

35 

1 

Autopsy 

Pregnancy 

Died 

1864 

Heinzelnian 


2 

Autopsv 

Tuberculous peritonitis 

Died 

1884 

Chian 

40 

1 

Autopsy 

Cancer (stomach) 

Died 

1886 

Heinzelman 

IS 

1 

Autopsy 

Pneumonia 

Died 

1890 

Laurencon 

16 

1 

Autopsy 

Syphilis 

Died 

1892 

Pauly 

47 

1 

Autopsy' 

Biliary colic 

Died 

1892 

Poljakoff 


1 

Autopsy 

Epilepsy 

Died 

1898 

Bar and Keim 

Newborn 

2 

Autopsy 

Newborn syphi'itic 

Died 

1899 

Carnabel 

26 

1 

Autopsy 

Osteotis 

Died 

1902 

Bernard 

62 

1 

Autopsv 

Hemoplegia 

Died 

1903 

Nauwerck 


1 

Unknow n 

Common duct stone 

Unknown 

1906 

De\ 1 C and Beriel 

41 

1 

Autopsy 

Syphilis 

Died 

1921 

Walz 


1 

Autopsy 

Aneurysms 

Died 

1932 

Richon and Cachm 

34 

1 

Operation 

Exercise and cough 

Recovered 

1933 

Mast and Streamer 


1 

Autopsy 

Pneumonia and primary 







carcinoma of liver 

Died 

1934 

Robin 

28 

1 

Operation 

Trauma 

Recovered 

1936 

Bradley and Garrett 

3 

1 

Operation 

None 

Recovered 

1937 

Sciacca 


1 

Autopsy 

Toxic infection 

Died 

1938 

McEwan 

8 

1 

Operation 

Malaria 

Died 

1940 

Corriden 

9 

1 

Operation 

Slight trauma 

Recovered 


Recovery from spontaneous rupture of the liver is raie First of all, 
only five cases were diagnosed before death, and while four of these 
recovered with operation, yet only four recovered of 28 reported cases, 
all within recent years More accurate diagnosis, more rapid recognition 
of the acute surgical emergency present, and more adequate means to 
replace the blood lost, eithei by transfusions or by autotransfusion (which 
IS not to be recommended due to the possible contamination and sepsis of 
liver blood), account for the relatively low operative mortality in the 
five operative cases Mortality of traumatic rupture varies from 45 to 78 
per cent by comparison Prompt recognition and early operation with 
adequate blood replacement are obviously the factors most concerned in 
recovery 

Pathology of rupture of the liver varies with the accompanying lesion of 
the liver Thus, a gumma or carcinoma may easily erode into a blood vessel 
causing a discharge of blood into the livei paienchyma Again an aneurysm 
or hemangioma ma}'^ ruptuie and bring about a similar lesult A vessel may 
rupture by reason of arteriosclerosis, as was possibly the case in Bernard’s 
patient A vessel may become occluded with resultant infarct — then ruptured 
vessels, as Mazel has suggested In our case, the rapidly rising blood 
pressure with toxemia of pregnancy caused rupture of a blood vessel 

Devic and Beriel and, later, Mazel have formulated this theory of the 
pathology of spontaneous rupture of the livei ‘Tn traumatic rupture, the 
rupture is the cause of hemorrhage In spontaneous ruptuie, the hemor- 
rhage is the cause of rupture The chain of events leading to the rupture 
are infarct, h 3 'pervascularization at the penpheiy rupture of a vessel, intra- 
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hepatic hcmoiihaj^c with icsulting uiptuic of the tis'^uc and piodiictioii of 
a subcapsulai hematoma which, when luptunng’ the capsule permits escape 
of blood into the i)eiitoneum leading to peritonitis and death” 

Ruptuied hvei in the new horn ])resents a different problem than that 
with which wc aic eoneerned Its htei attire, theories and oceurrency have 
been thoioiighh ie\iewed m an article b> Silver, m 1938 

We ha\c thus been able to collect but 29 eases (the ease of Vesalius 
included) of tiue s])ontaneoub luptuie of the Inei One of these com- 
plicated pregnaiicA h\e came to ojjer.ition and foui lecovered Onh one 
othei ease could be theoietically associated with high blood pressure as a 
possible apople\\ — the ease of Bernard 

Case Report — R II , wliitt female af>e 12, was admitted to tlie Peninsula General 
Hospital, referied b\ Dr Harre S Iviihlman of Sharptown, Md The patient was in 
the earh 8th month of her pregnanee There had been no abnormalite in the pregnane} 
until tw'O weeks he foie admission wheli Doctor Kuhlman found her blood pressure increased 
to 160/1 10 and first found sonic albumin m her urine He sent her home to stae 
in bed and placed her on i \cn strict diet, limiting proteins salt and fluid intake 
Despite this caic hei blood picssurc continued to rise, until, on the afternoon previous 
to admission it had reached the alarming level oi 260/160 Her phvsician advised hos- 
pital caie that afternoon -ft 6 pm she vomited once and was transferred to the 
hospital No labor pains had occurred 

When next seen h\ Doctor Kuhlman at the hosintal, she was in obvious collapse Blood 
piessurc 60/0, pulse fainth diseerniblc at j6o She stated that she had some dull 
aehc in the right uiipcr ciuadrant soon after vomiting hut no sharp pain an\ where 
Laboi had not commeneed No fetal movement Ind been felt since the attack of 
vomiting There was no historv of trauma of am kind surgical consultation was 
immediatelv reciuested and she was seen In the author a few minutes later 

Physical Pxaiiiiiiattoii — TIic patient was eihviouslv m severe shock pallid with grev 
lips, quiet hut verv neivous, air hunger and fcchlv jireceptihle pulse and blood pressure 
as abov'e described Fetal heart sounds were absent Clinical Diagnosis Ruptured uterus 

Opeialioii — May 10, 1942 Dr L Rademaker, and Dr Robert Starr 

Under c}clopropane anesthesia, tlic abdomen was entered through a lower, midhne 
incision An incision W'as made m the lower portion of the uterus and the fetus dehv'ered 
There seemed to be an opening in the uterus and therefore, a Porro excision of the 
uterus tubes and ovaries was done at the supravaginal level The ligaments and blood 
vessels vveic situied It then became obvious that cxcessiv'e hemorrhage was still 
occurring from some place m the upper abdomen and the teai and damage of the 
liver w'ere found fwo long packs were placed m tlie damaged portion of the liver 
protected by tissue dram in the intra-abdommal part The patient at this time was 
in despeiate condition and a blood transfusion was administered The ligaments were 
tied to the cervical stump hut because ot the iiatient’s condition no attempt was made 
to peritoneahze Then the wound was quickl} closed m lavers about the drains, using 
chromic catgut in the peritoneum and muscle stainless steel wire in the fascia, plain 
catgut m the fat and clips in the skin The patient left the operating room in poor 
condition 

Surgical Pathologv — The uterus contained a small, immature dead female fetus 
The abdomen was filled with blood There were multiple fibroid tumors of the uterus 
itself The right lobe of the liver contained a vertical tear six inches in length, with 
an area of degenciated tissue which appeared to be mush, and about the size of a 
grapefruit 
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Postopciaftvc Couisc — The patient had a verj stornn convaleseence , blood tians- 
fusions were given on Alaj, nth, 12th and 13th Sjnikannn, blood plasma and glucose 
were added Due to pressure of the pack against the diaphragm she developed a 
pleural effusion, and 600 cc of blood>, serous fluid weie removed by aspiration on 
May 25 1942, and repeated daily until Alay 20, 1942, when but 40 cc could be obtained 

The pack was removed May 19, 1942 under gas anesthesia 111 bed, and was followed 
by a profuse drainage ot material so closely resembling blood that the resident 
became alarmed and repacked the incision This pack was removed Alay 24, 1942, 
and was followed bv further drainage of serous bloodj’^ material which smelled like 
biliary drainage but did not appear bile-stamed An abscess of the left breast further 
complicated recovery — necessitating incision and drainage, under local anesthesia, 
on June 5, 1942 

Each of these complications produced its storm in temperature pulse and respira- 
tion Sulfanilamide preparations did much to abate each storm as it occurred At 
times the patient’s condition seemed entireh hopeless, but she gradually improved 
after the last complication uas' conquered and was discliarged Julj'^ 4 1942, 57 days since 
admission Her chest was clear the breast had completeli" healed, her abdominal wound 
was still draining slightlv Her blood count on June i 1942 showed Hb 66, RBC 
3,510,000, WBC 12250 Her blood pressure on discharge was 165/100, and the 
urine showed a slight trace of albumin, with specific gravity of loii 

Follow-Up — August 10, 1942 The patient appeared to be quite healthy, with a 
well-healed solid abdominal scar She was taking stilbestrol, 0 i mg per day, which 
controlled her hot flushes very w^ell She was able to work and felt as strong as ever 
Her blood pressure was 145/90 

This, as far as we can discover, is the fifth repoited case of recovery from 
a spontaneous rupture of the hvei, and the second case of spontaneous 
rupture of the liver complicating pregnane}'’ The high blood pressure 
occurring in a short period of time suggest the cause foi apoplexy — especially 
when a vomiting attack immediately pieceded collapse 

Several significant facts appeared 

(1) Careful observation by the family physician made it possible to 
operate, otherwise, the patient would have died within a few'’ houis, and 
the diagnosis, if made at all would have been made at autopsy, as in the 
majority of reported cases of spontaneous rupture of the liver 

(2) The Porro proceduie was the quickest means of removal of the fetus 
and the uteius to prevent an} further bleeding fiom that souice 

(3) Death of fetus as result of hemoiihage of the mothei 

(4) Pleuial effusion fiom piessuie ot the pack on diaphiagm 

(5) Prompt multiple blood and plasma tiansfusions are necessai} to sa\e 
these desperately ill patients 

One IS led to speculate if some of those cases of death b} collapse during 
treatment for eclampsia may not be due to undiagnosed rupture of the livei 

S’DMAL\RY 

^^'e have reviewed the hteiatuie of spontaneous rupture of the Iner 
finding iDut four othei cases of recover} and but one other report complicating 
piegnanci AVe have repoited such a case of spontaneous lupture of the 
Inei complicating piegnanc} and following a lapidh de\ eloped hvpei tension 
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This case was operated upon while in desperate condition, iindei a mistaken 
diagnosis as to source of hemoiiliage The diagnosis of internal hemorrhage 
was made early enough so that recoveiy could occur with the modern 
methods to combat shock and hemorrhage Recovery was complicated by 
pleural effusion secondaiv hemorrhage, breast abscess, but final complete 
lecovery ensued 
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J.n'ER NECROSIS iN BURNS 

F HART^rA^, MD, iND H L Romb-ncb, MD 

Djriion, Micif 

I ROM rill DI I’ARTMENTS 01 I VTIIOLOC\ \\D SURGI R^ III NR\ I ORI) IIOSPITVL DETROIT, MCll 

Bardlck (1898) clescnbed “focal degeneration in the lymphatic tissues 
liver and advanced parenchymatous degeneration of the kidneys” in autopsies 
upon five children with extensive hums Weiskotten (1919) found focal 
necrosis of the livei in tw'o of ten hum autopsies Pack (1926), after a 
comprehensive review of the subject, stated that “there are no internal 01 
visceral lesions pathognomonic of burns and scalds ’ Wilson (1935) at- 
tributed severe neciotic or fatu degeneration of the cells at the center ot the 
Inei lobule to the acute toxemia following severe burns V further study 
ot 33 cases In Wilson MacGiegoi and Stew'art ( 1938), compaied the 
livei lesion m huins to acute jellow atrophy 

McClure ( 1939 ) ^nd McClure and Lam (1940) leported marked jaundice 
111 clinical cases w’lth maiked cential necrosis of the Iner in a case winch 
failed to survive Belt (1939) compared the midzonal neciosis of the liv^er 
found in foui fatal hum cases to the liver lesions of yellow fever because 
of the demonstiated Councilman bodies and intranuclear inclusions Wells 
(1940) was piohahl} the first to oftei ohjectiv'e data, suggesting that the 
tannic acid tieatmcnt might he the cause of Jiv'er necrosis, when he repro- 
duced the lesion in rabbits In intrapentoneal and subcutaneous injections ot 
tannic acid 

As a pait ot a studv on hums projected by the National Research Council,* 
and carried out at the Henry Foid Hospital, further experimental study of 
liver damage was undertaken in an effort to determine 

1 The effect of the burn alone on the liver 

2 The effect of various tj^pes of piotein coagulating chemicals, including 
tannic acid on the liver 

3 The effect of bums tieated with piotem coagulating chemicals 011 
the hvei 

4 The effect ot tannates on the hv^ci and the significance of their identi- 
fication in the uiiiie ot tannic acid treated and injected animals 

LXPERIiVIENTAL STUDIES 

The experiments were all performed upon dogs under morphine and 
ether, or morphine and chloroform anesthesia Morphine was continued for 
24 to 48 hours after the procedures routinely, and longer if needed for the 

* The work described in this paper was done under a contract, recommended bi 
the Committee on Medical Research between the Office of Scientific Research and 
Dev^elopment and the Henrv Ford Hospital 

Permission to publish this paper has been granted bv the Committee of Medical 
Research of the Office of Scientific Research and Development 
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Fig I 



Fig 2 

Fig I — Dog Jso 3118 Photoniicrogr-iph of li\er from animal in winch 1 60% skin 
hum was iiroduced with IJunsen burner and dressed with sterile vaseline Surtnal — 10 daNS 
Shows marked congestion, niyeliniration and necrosis at the center of the Incr lobules 
(Low power ) 

Fig 2 — Dog No 3121 Photomiciogiaidi ot Incr from aniinal in which a 60% skin 
burn was produced wi,th Bunsen burner iiid dressed with aaseline scarlet R Survival- — 9 
da>s Shows spottj necrosis about the center of the lobules with intense engorgement 
(Low power ) 


comfort of the animals In case chloioform was used care \\as taken not 
to prolong- the administration more than 15 to 20 minutes The burns N\ere 
produced with both dry heat and moist heat on ei 60 to 65 per cent of the 
hod\ surface and were uniforml} of third-degree sevent} 

Group i — To determine the eftect of burns alone on the h\er the lesion 
'\as immediateh dressed with neutral substances steiile Nasehned gauze 
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in 12 instances, lanolin in two instances, and noimal salt solution in tA\o 
instances 

In this group. i6 animals with large skin bums were used The duration 
of life following the burn ranged from 4 to 20 days The dressings, fol- 
lowing the Koch method, were changed infrequently, if at all The injured 
skin underwent maceration m 4 to 5 days and usually was the site of 
infection and suppuration At autopsy, emaciation and anemia along with 
local and general infection were the usual findings Grossl}^ the liver was 
enlarged, and in those living shorter periods, congested The spleen was 
usually enlarged to 2 to 4 times the normal Metastatic abscesses, with 
or without hemorrhaged), were frequently seen Curling’s ulcers of the duo- 
denum were produced in 5, or 33 per cent, of this group, and wnll be dis- 
cussed in a later communication Microscopically, the liver lesions ranged 
from marked suggestion of the sinusoids, with compression of the liver cords, 
to varying amounts of granular, vacuolar and fatty degeneration in experi- 
ments running 4 to 10 dajs, while myelinization and central necrosis w'as 
seen in those surviving 8 to 10 days (Figs i and 2) The central necrosis 
in this series is a late development and associated wnth intense infiltration of 
the affected area Although such lesions weie accompanied b}" depression 
of liver function and ictei us indices up to 20, the pictui e w’as not that of acute 
liver insufficiency 

Group 2 — ^To determine the effect of protein coagulating chemicals on 
the liver these substances were injected intrapentoneall) and subcutaneously, 
and applied as a dressing to large surfaces from which the skin had been 
excised in 112 animals 

A Silver Nitrate — In this group, 15 animals w'eie used, and all w'ere 
injected subcutaneously wnth 2 per cent solution w'hile the animals were 
under morphine and ether anesthesia After injection morphine sulphate 
was given as indicated 

These animals survived the injection from i to 23 days One animal 
died from distempei Four animals lived only one day, but in all these 
marked, acute congestion of the livei, especialK about the center of the 
lobule, W'as noted Granular degeneration and early neciosis w'as seen in 
three Tw'o showed central neciosis of the hvei of marked degree and ex- 
tensive myelinization Thus 5 or 33 3 pei cent, show ed necrosis in vary- 
ing degree but onty 2 01 13 3 per cent, had extensive necrosis and myelini- 
zation, and these died on the eighth and eighteenth day, respectively Eleven 
of the 15 died from the effects of the injection, and 4 were sacrificed 
because of ulceration (Figs 3 and 4) 

B Alum — Nine animals weie used for the subcutaneous injection of 
aluminum and potassium sulphate The 10 per cent solution was sterile 
and used in amounts ranging from 60 to 180 cc The injections were all 
done under morphine and ether anesthesia The length of life after injec- 
tion ranged from 3 to 10 days, but five animals were sacrificed because of 
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ulceration and infection Microscopically, the livers showed marked conges- 
tion and engorgement, with gianular, and especially vacuolar degeneration 
These degeneiative changes obscure the cells near the center of the lobule 
but do not represent necrosis of cells such as seen m other groups 

C Sulphosahcyhc Acid — Only six animals were used m this group, partly 

Fig 3 



Fig 4 

Fig 3 — Dog No 3126 Photomicrograph of h\er from animal receiving 120 cc silver 
nitrate 2% subcutaneously Survival — 5 days Shows marked congestion, hemorrhage, and 
beginning necrosis at the center of the liver lobules (Low power ) 

Fig 4 — Dog No 3041 Photomicrograph of liver from animal receiving 100 cc 2 % 
S'l'sr nitrate subcutaneously Survival — 18 davs Shows central necrosis of liver lobule 
with intense myehmzation (Medium power) 


because the pathologic changes m the liver and other organs were minimal 
and paid}’- because the sites of injection opened spontaneously and drained 
Even the animals receiving from 120 to 140 cc of 3 pei cent solution, and 
survMving 7 to 10 days, shoved congestion with early necrosis m two, and 
myelinization in one animal 
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D Zinc Peroxide — In this gioup only five animals have been used to date 
All were given subtnt.ineousl} suspensions of sterile ZnO^ in sterile water, in 
the first instance 200 cc of 7 pei cent, and the other four i to cc of 22 per 
cent These animals suivived from 6 to 15 days Three showed clinical 
jaundice wnth icterus indices from 15 to 35 Two showed central necrosis, 
wdnle all show ed congestion coupled w ith granulai and vacuolar degeneration 
Ihe jaundice seen m this group is out of proportion to the necrosis seen 
m the liver but coi responds with the rapid weight loss and short duration 
of life 

E Feme Chloiide — Feme chloride is one of the chemicals used as a 
tanning agent 111 the tieatment of bums, lienee it was included in this stud} 
both for subcutaneous injection and as a dressing for binned areas 

Thirteen animals w’ere used foi subcutaneous injection, ii receiving 
fiom 100 to 175 cc of a sterile 5 per cent solution and two receiving no 
and 120 cc , respective!}, of a steiile lo per cent solution Ten ot the 13 
died m from i to 5 dais, and thiee weie sacrificed aftei becoming moribund 
in 2 to 5 days At autopsy, there was extensile gre} ish-} ellow coagulation 
necrosis at the site of injection and extending around either side to the 
abdomen, associated with marked edema and blood extravasation The 
hemorrhagic tendency was also seen at times m the pericardium and intestines 
The liver was usual!}' enlarged, mottled and dark red m color Microscopic 
sections shoived marked acute congestion with hemorrhage in seven animals 
and central necrosis m five, or m 38 pei cent This incidence of necrosis 
IS someivhat higher than ivith tannic acid but the extent of the necrotic areas 
tends to be less Flemorrhage, with and without necrosis is more striking 
with ferric chloiide than ivith tannic acid (Fig 5) 

F Gallic Acid — It has been suggested, from time to time, that gallic 
acid IS toxic foi the animal oiganism at least that it is more toxic than 
tannic acid This has been given as a reason for insistence on uSmg onh 
freshly piepared tannic acid solutions m the treatment of bums Gallic 
acid, as a steiile 75 per cent solution, has been used five times for sub- 
cutaneous injection in amounts ranging from no to 150 cc Micioscopically 
the livers of these animals showed principally acute congestion, hemorrhage 
and compression of the liver cells 

G Quebiacho Tannin — Only four animals iveie used in this senes be- 
cause of the scaicit} of material The material used was the ciude tamiiiP 
made up m a solution loughly compaiable to the 75 per cent tannic acid, as 
fai as the tannin content is concerned This solution was injected sub- 
cutaneously 111 amounts ranging from 90 to 150 cc The animals suri'ivecl 
foi periods ranging from 8 to 18 days Clinical jaundice occurred once and, 
microscopically, central necrosis of the liver ivas found in tivo animals Al- 
though this group IS small it suggests that crude quebracho tannin has the 
same, or greater, possibilities foi tannate absoiption as tannic acid 

* Furnished bv Parke, Da\is Co 
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Tic 5 — Dog Xo 3160 Photomicrognpli of luer from animil receising lao cc of 
10% feme chloride subcimiieouslj Surxml — 3 daxs Shoxxs evtensixe necro'ii'; fattx 
infiltration, and hemorrhage inxolxing approMinatclx one third of the lixer ti'i<;ue (Loxx 
poxxer ) 

lie 6 — Dog Xo 3124 Photomicrograph of hxer from animal receixing 150 cc ot 
7 3 % tannic acid subcutaneouslx Surxixal — 3 daxt, Shoxxs xerj eatcnsixe central necrosis 
of lixcr lobules xxith hemorrhage (I^xx poxxer) 

H Tannic Acid (used as nitraperitoneal and subcutaneous injection) — 
In this gioup theic aie 41 experiments each including the injection of sterile 
7 5 pel cent tannic acid solution Six nitraperitoneal and 33 suheutaneous 
injections were done The intrapentoiieal route was ahandoned because of 
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the violent peritonitis produced and the short duration of life, however, 
central necrosis of the liver was seen twice, or in 333 per cent With sub- 
cutaneous injections the dose ranged from 60 to 200 cc , depending upon the 
size of the animal These injections were all done wdiile the animals w'ere 
under ether anesthesia, and w'ere made at several points The length of 
life after injection ranged fiom 2 to 16 days 
Autopsy showed extensive coagulation necrosis at the sites of injection 
and extending dowm the sides around the abdomen, especially wuth the 
larger doses In five instances, 7 5 per cent tannic acid neutralized to pn 
7 4 wuth sodium bicarbonate w'as used subcutaneously, and the resulting 
coagulation and edema w'as comparable to that from the usual tannic acid 
at />H 3 5 

None of the animals living less than twm days showed necrosis of the 
liver, but marked acute congestion at the centei of the lobule associated wuth 
granular and vacuolar degeneration predominated In the 25 animals living 
2 to 16 days, central necrosis of the liver w'as seen six times, or in 25 per 
cent, and extensive fatty degeneration twuce, or in 8 per cent (Figs 6, 7 
and 8) 

I Tannic Acid Jelly (as dressing foi areas from which skin w'as excised) 
— A group of three animals from wdiich skin areas 20 x 20 x 16 inches were 
excised, had the denuded area dressed wuth sterile 7 5 per cent tannic acid 
jelly These animals lived from 10-16 days At autopsy, infection and 
suppuration was present in the wounds Microscopically, the livers show'ed 
congestion, fatty degeneration and myelinization, but no central necrosis 

Analysis of the lesions obtained by the injection of these seven different 
chemical coagulating agents shows that the three most commonly used in 
the treatment of burns are the same ones responsible for the liver damage, 
namely, silver nitrate, ferric chloride and tannic acid 

The liver damage associated with the injection of silvei nitiate developed 
relatively late and was accompanied by intense mj elinization Clinical 
jaundice and liver insufficiency w'ere not produced w'lth silver nitrate 

The liver damage occurring after the injection of ferric chloride w'as 
acute and hemorrhagic The incidence w^as 38 per cent as compared wutli 
25 per cent for tannic acid in the dosage- range used Clinical jaundice w^as 
seen only twice in this group 

Central necrosis of the liver occurred in 33 3 per cent of animals re- 
ceiving intrapentoneal injections of tannic acid and 25 per cent of animals 
receiving subcutaneous injections The necrosis of the liver was produced 
more promptly and was more extensive than with the other coagulating 
chemicals Clinical jaundice was seen on the fourth day and was progressive 
unless measures to combat it were instituted The jaundice was accom- 
panied by refusal of food, loss of w eight and strength, vomiting, blood)'’ stools, 
and coma 

Group 3 — To determine the effect of burns dressed w'lth protein coagu- 
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lating chemicals on the hvei, these chemicals were applied as dr}'- dressings 
and as wer dressings to large skin bums in 31 animals 

A Experiments with Skin Burns Treated with Tannic Acid Prepara- 

Tig 7 



I'lG S 

Tig 7 — Dog Xo 3124 Photomicrograpn of Iner from animnl rccening 150 cc of 
7 5% tmnic acid subcutancoush Sur\i\nl — 3 dajs The Hrgc lichtei zone st the -center 
shows complete l\sis of Inei cells with engorgement of the sinusoids and central \ein 
(Medium power ) 

Fig 8 — Dog No 3161 Photomicrograph of li\er from animal rccening 150 cc of 
neutral tannic acid 75% subcutaneouslj Suranal — 2 dais Central zone is necrotic the 
Incr cells being represented oiilj b% amorphous blue-stainiiig material The Iner cells at 
the peripheri also show degeneration so that tlicj do not stain well (Medium power ) 

tions — In the gioup of 24 animals, skin burns covering the entire back and 
sides veie pioduced langing fiom 60 to G5 per cent of the bod} surface 
In ten instances the bums Meie produced vith a Bunsen burner and 14 
times Mith a steam jet The lengtli of life vas from 2 to 27 da}s Cluneal 
j.mndice vith icteuis indices ranging from 20 to 58 was ceeii in three animals 
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01 12 pel cent, and all these had a wet diessing with the tannic acid prepara- 
tion The urine from the animals with w^et diessmgs was unusually dark 
in coloi and gave stionglv positive tests foi tannates 

Autopsy show'ed third-degi ee hiiins and good tanning m all, including 
those treated wnth neutral solution, but with the wet dressings the skin w'as 
macerated and usually suppuiating I'heie was marked siihcutaneous edema, 
especially ovei the ahdomcn, as in Dog No 3170 (Fig 9) Heie it w'as noted 
that the edema fluid was blackened In the tannic acid, although the animal 
lived only 24 horns, suggesting that the tannate w'as absorbed especially w'heii 
this plasma w^as leabsoibed Metastatic abscesses of the kidneys were present 
m some cases Central livei neciosis was piesent twice and central degenera- 
tion twnce In only one instance (Dog No 3076) was necrosis associated 
with a dry diessing and in this instance crude r)uebracho tannin was used 
as a spray (Fig 10) 

One animal Dog No 3142 with a fiie burn, and a w'et dressing of 
plain 75 per cent tannic acid jelly passed blood fiom the intestinal tract 
foi 24 hours pieceding death and was found to have a laige Curling’s ulcei, 
with blood clot attached m the fiis^ poition of the duodenum 



Fig 9 — Dog No 3170 Hnd bum iirodiiccd wilii steoin jet cohering 60% of tlie bodj surface 
to which a wet dressing of 7 5% tannic acid jell> was applied Surinal — i da> Shows penetration 
of the tannic acid dressing i cm into the edematous subcutaneous tissue beneath the burn 

B Expeiiments with Skin Burns Treated wuth 5 per cent Ferric Chloride 
In this group 5 pei cent sterile feme chloiide solution w'as used to diess 
and tan large burned areas of about 60 per cent of the body surface Two 
bums so treated w'ere produced wuth the Bunsen burner and three wnth the 
steam jet Tint, solution produced a good tanning in both types of burns 
after four to six applications over a 12- to 24-hour period — fully equal to 
that pioduced by tannic acid Thiee animals had dry diessmgs and lived 
from 7 to 16 days before being sacrificed wdnle still in good condition Tw'O 
in which wet dressings w^ere applied died after 8 and ii days, respectively 
These tw^o w^ere the only ones m this series showung significant lesions in 
the liver. Dog No 3141 showing extensive central necrosis wnth hemorrhage, 
and Dog No 3145 showing maiked fatty infiltration and congestion (Fig ii) 
In this group large skin bums w'Cie actuall)'^ tieated with tannic acid and 
ferric chloiide piepaiations Heie conditions similai to those present in 
the handling of clinical bums w'eie lepioduced Clinical jaundice w'lth icterus 
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On the basis of these findings, wet dressings and baths of tannic acid 
^Mll give us the highest incidence of liver necrosis and should be avoided, 
as pointed out by Davidson in his original contributions 

Group 4 — To determine the effect of tannates on the liver, blood plasma 
was precipitated with tannic acid, twice washed and injected subcutaneously 
Alkaline sodium l.mnate solution pn 9 was injected intiavenoiisly Tannates 
and gallates excreted 111 the uiinc weie identified 

It had been assumed that tannic acid w'lth a pu ot 3 combined with pio- 
tems formed an insoluble comjiound which would be inert in the body 
Howevei, such compounds weie pieparecl using blood plasma as the source 
of piotein and the twnce wvashed precipitate was injected subcutaneously in 
100 to 120 cc amounts of the 50 pet cent suspension Two of the four 
animals injected showed eaily cential necrosis of the livei, suggesting at least 
that the matcnal was absorbed and w'as toxic foi the liver (Fig 12) Fol- 
lowing this expel iment it was obseived that tannic acid w'as absorbed into 
the edematous subcutaneous tissues beneath the binned tanned skin for a 
distance of i 5 cm , as evidenced bj' the brow nish -black discoloiation Then 
the daik biownish mine excieted b\ both the animals injected subcutaneouslv 
with tannic acid prepaiations and those burned and diessed with the same 
pi eparations, weie shown to contain tannates, as identified bj Di V Schell- 
ing Neutiah/ed tannic acid and quebiacbo tannin used foi subcutaneous 
injection and dressings excieted lelatnely laige amounts of tannates and 
gallates 

Detection of Tannates in Urine — -1 annates excreted in mine are 
demonstrated by the bluish-black coloi wnth ferric chloiide Since however, 
gallic acid, a hydiolysis product of tannic acid, gives the same color, a more 
specific leagent is reqmied Sanin’s leagent (Meicks Index, 5th edition, 
p 808) fulfills this lequiiement It gives a wFite piecipitate wuth tannic 
acid but no piecipitate wnth gallic acid 

Some mines w^hich gave a jiositive feme cbloiide leaction did not pie- 
cipitate with Sanin’s leagent indicating that gallates w^eie present in 
these mines The kidney accoiding to Siebmg and Moidhorst, does not 
possess an en/jnne system tliat is capable of sj^htting tannins How'evei, the 
livei, accoiding to these authois, might be the site w'heie splitting of tannins 
occui s 

Attempts w'eie made to use Folin and Denis phenol leagent foi a moie 
quantitative evaluation of tannates in mine All urines which gave a 
positive ferric chloride reaction developed a blue coloi wnth this reagent 
aftei tieatment wnth silver-lactate-NaCl-HCl Howevei, the coloi developed 
was different foi each mine and could not be matched adequately wnth the 
color of the standard piepaied fiom tannic acid 

Although neutralized tannic acid proved quite effective m the coagulation 
of proteins, both m and i/i vivo, alkaline sodium tannates wuth pn 9 

failed to coagulate jDroteins so that it became jjossible to inject such solutions 
diiectl)'^ into the blood stieam of both lablnts and dogs wntboiit immediate 
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01 delayed reaction Two dogs ol 7 and 8 kilos weie gneii 15 cc of 7 
pel cent sodium tannate solution mtiavenously These animals excieted 
brownish mine containing tannates. and show^ed a lapidly deepening jaundice 
at the end of 48 horns One animal died m 48 horns in deep coma, wuth 

Fig 12 




Fig 13 

Fig 12 — Dog No 3137 Photomicrogiaph of livei from aiiim-il receiving 100 cc of 
twice washed protein tannate siibcut ineoush Sur\i\al — 3 da\s Shows extensue central 
necroMs of Iner lobule (Low power ) 

-or Dog No 3193 Photomicrograph of liver from animal receiving is cc of 

tannate solution intravenouslj Survival — 3 days Clinical jaundice marked 

1 L *“ 1 ° Shows vacuolar degeneration and necrosis of liver cells about the cen 
ters of lobules (Low power ) 

an icterus index of 140 (Fig 13) The second lived a week, wuth increasing 
jaundice, marked hstlessness, and lefusal of food Autopsy of these animals 
showed a small, browmish-gi een livei that w^as flabby and soft and fiiable 
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on section The usual lobulation could not be made out Microscopically, there 
was acute cential necrosis of 50 pet cent of the liver tissue 

Rabbits of 3 and 4 kilos were given 8 cc of the 7 per cent sodium tannate 
solution into the inaiginal eai vein No jaundice was detected either clinically 
or at autopsy, but all succumbed m tw'o to six days Microscopically, the 
livers show'ed moie maiked central necrosis than those of the dogs receiving 
this solution OnI\ a tiinge of liver cells remained at the periphery of the 
lobule W'hile the centers were necrotic and hemorihagic (Fig 14) 



I'lr 14 — Ribbit Iso 1195 PhofoiTiicrognph of li\er from nnimal receninp ^ cc of 
1 7% sodium tonnote solution intn\enousl> Sur\ml — 24 hours Shows complete Iisis of 
the cells of the liver lobule with the exception of n fringe nbout the penpherj (Low power ) 


Tlie pioduction of hvei necrosis bj the subcutaneous injection of washed 
tannates and the mtiavenous injection of alkaline sodium tannate solutions 
demonstrates the etiologic impoitance of tannates in the pathogenesis of 
this lesion Further the identification of relatively large amounts of tannates 
and gallates m the uiine excieted by animals burned and treated wuth tannic 
acid preparations, as well as in the urine of those injected with tannic acid 
subcutaneously, shows that these tannates aie absorbed from the site of treat- 
ment or injection into the blood stream This fact being established, it is 
deal that the livei cells maj' be destroyed just as Ihei are wdien tannates are 
injected intravenously 


SUMMARr AND^CONCLUSIONS 

1 Large experimental burns result in marked engorgement of the sinus- 
oids of the liver, especially about the central I'^eins, and compression of the 
liver cells in this area 

2 Acute compiession of the liver cords is followed even in the groups 
treated with sterile vaseline and sterile salt solution by granular, vacuolar 
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and fatty degeiieiation With longei suivival, especially if infection eithei 
in the form of pneumonia oi suppuration of the burned area occurs, actual 
necrosis of liver cells at the center of the lobule, with myelmization, may 
be seen 

3 Introduction ot any of the coagulating agents mentioned, either as a 
dressing for a burned oi denuded area, oi as a subcutaneous injection, in- 
ci eased the incidence of degeneration and neciosis of liver cells, with oi 
w ithout hemorrhage 

4 Oddly enough the thiee coagulating agents that have been used in 
the treatment of burns aie the only ones that have, in this wmrk, inci eased 
the danger of clinical jaundice and liver insufficiency These chemical agents 
are in ordei of impoitance Tannic acid, feme chloride and silvei nitrate 

5 Tannic acid used as a wet diessing for bums has produced clinical 
jaundice in the dog m 12 pei cent and central neciosis of the liver m 165 
per cent In only one instance was liver necrosis seen associated wuth the 
dry tanning of a bum, and in this crude quebiacho tannin w?as used 

6 Tannic acid used as a subcutaneous injection in a series of 25 
animals has produced Inei neciosis in 25 pei cent With mtraperitoneal 
injection, m a series of six, liver necrosis was produced in twm, or 333 
per cent 

7 Quebracho tannin and tannic acid neutralized with sodium bicarbonate 
in a small series w'ei e moi e potent than tannic acid in the production of liver 
damage 

8 Animals haMiig bums tieated wuth w'et diessings of tannic acid 01 
tanning preparations and those leceiving subcutaneous injections of these 
preparations excrete relative!} large amoimts of tannates and gallates m 
the urine These gioups have the highest incidence of liver necrosis 

9 Sodium tannate of pn 9 does not coagulate piotein readily and ma} 
be given in amounts of 10 to 20 cc of the 7 pei cent solution daily without 
reaction Such injections in four rabbits and five dogs have resulted in the 
consistent production of liver necrosis in both gioups wath clinical jaundice 
and death m the dogs 

10 The excretion of tannates in the uiine of animals receiving wet 
dressings or injections of tannic acid, coupled with the fact that these 
animals along with those leceiving tannates intiavenously have a high 
incidence of jaundice and Iner neciosis, shows the etiologic lelation of these 
tannates to the liver lesions 

11 Silver nitrate used in 2 to 10 pei cent steiile aqueous solution suli- 
cutaneously, produces extensive neciosis and edema at the site of injection, 
with some degeneration, hemorrhage, and necrosis of the hvei How’^ever, 
clinical jaundice has not occurred, and death could not be charged to the 
grades of liver damage seen 

12 Ferric chloride used in 5 to 10 per cent steiile aqueous solution 
subcutaneously, produces maiked necrosis, edema, and hemorrhage at the 
site of inoculation Clinical jaundice does occui, and the extensive central 

415 



IIARJMAN AND ROMENLE 


Anna!-, of ^urRerj 
ScptcinJur PMJ 


neciosis and licmonliage m the livei niusl be listed as one of the causes of 
death A single animal with a w'et diessing of feme chloiide on its 6o 
pel cent burn died on the eighth day and shouted livei neciosis, wuth 
hemori hage 
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ANIMAL EXPERIMENTS WITH TANNIC ACID 
Suggested By the Tannic Acid Treatment of Burns 
Roger Denio Baker, M D , and Philip Handler, Ph D 

Durham, N C 

FROM THE DEP'^RTMENTS OF PATHOLOGT , PHTSIOLOGT AND PHARMACOI OG\ , DUKE UNIVERSITY SCHOOL OF 

MEDICINE, DURHAM, N C 

Since about 1925/ tannic acid has been widely used in this country 
and abroad” in the treatment of cutaneous bums, by spraying on aqueous 
solutions, by bathing the patient in aqueous solutions, 01 by applying an oint- 
ment to the burned area The concentrations of tannic acid 111 the prepara- 
tions ^^hlch have been employed have langed from less than 5 to 20 per cent 
The U S P tannic acid ointment has been made up with 20 per cent tannic 
acid, but in a tubed pieparation recently acquiied the tannic acid content is 
five per cent 

The local effects of the tannic acid have been advantageous m several 
lespects Pam has been lelieved, a firm, dry coating or eschar has foimed, 
and the nuising problem has thereby been rendered simpler The diyness 
of the eschai, and probably some of the properties of the tannic acid, have 
inhibited bacterial giowth The disadvantages of tannic acid 111 the area 
of application have been pointed out" These include (i) Clacking of the 
stift eschar, and cm ling of the edges, (2) too gieat stiffness of the eschar 
if the substance is applied to the face or perineum, and (3) masking by the 
eschar of underlying infection In addition, tannic acid may destroy rem- 
nants of epidermis and haii follicles from wdiich skin might regeneiate m the 
stage of healing ^ The eschar may be difficult to remove 

The most seiious drawback to the use of tannic acid to date is the 
suggestion that it is absorbed fiom the region of application and causes 
damage to the liver ® Since 1938, at least four communications^’ ® have 
appeared describing impressive central necrosis of the liver in patients who 
have been burned and have had some form of tannic acid therapy, wdiereas 
papers on fatal burns wfiich appeared before the use of tannic acid do not 
emphasize hepatic necrosis as charactei istic of burns 

Evidence has begun to accumulate that tannic acid damages the livers 
of animals when it is absoibed from a burned aiea or from the subcutaneous 
tissues Dogs buined experimentally and then treated with tannic acid 
ointment showed hepatic neciosis,® but, since no control experiments weie 
pel foimed in which tannic acid w’as applied in the absence of the bum, 
the comparative lole of bum and tannic acid in the production of hepatic 
necrosis is difficult to evaluate Followung subcutaneous injections of tannic 
acid (U S P ) into white rats severe hepatic damage has been observed ^ 

* The work described m this paper was done under a contract, recommended by 

Committee on Medical Research, between the Office of Scientific Research and 
evelopment and Duke University Aided by the Duke University Research Fund 

I One of us (P H ) is indebted to the John and Mary Markle Foundation foi 
Us support 
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These lesions consisted of central necrosis comparable to that noted in 
autopsies of burned patients who had been treated with tannic acid, and 
the degree of liver damage m the rats was m direct proportion to the amount 
of tannic acid injected subcutaneous^ Some of the rats (70-90 Gm ) 
which received a total dosage of from 015 to 04 Gm of tannic acid during 
a day 01 two, died within this period, while others were sacrificed on the 
third or fourth day, and usually showed hepatic necrosis It was also 
stated that similar results were obtained after the injection of rabbits and 
guinea-pigs with tannic acid 

EXPERIMENTAL STUDIES 

In the experiments to be reported it was desired to amplify those made 
on rats already mentioned,^ and to determine the importance of the various 
factors involved, m order to judge the applicability of tannic acid to the treat- 
ment of human burns, insofar as the experimental results might aid in the 
settling of this problem 

The following four senes of experiments were undertaken, and will be 
considered subsequently under each heading 

(I) Experiments to verify the obseivation^ that subcutaneous injections 
of tannic acid produce hepatic neciosis 

(II) Experiments to determine w'hether tannic acid is absorbed wdien 
applied to a body surface denuded of skin 

(III) Experiments to determine w'hether tannic acid or some derivative 
thereof, can be excreted m the urine, after the subcutaneous injection of 
tannic acid 

(IV) Experiments to determine w'hether tannic acid (U S P ) can be 
purified further, so as to avoid hepatic damage 

I — HEPATIC NECROSIS FROM SUBCUTANEOUS INJECTIONS OF TANNIC ACID 

In rats, subcutaneous injections of solutions of tannic acid (U S P — 
Merck) produced hepatic necrosis, thus coiroboratmg the experimental 
results 111 rats obtained by Wells. Humphrey, and Coll,® previously men- 
tioned For example in a test with ii rats (34-58 Gm each) tannic acid 
injected in divided doses subcutaneously, the total amount varying from 
50 to 150 mg caused the death of four rats in i to 3 days In those rats 
which survived and w'ere sacrificed, micioscopic study of the organs show'ed 
central necrosis of the liver, while microscopic study of the organs of five 
control rats injected subcutaneously with distilled watei showed no necrosis 
of the liver In addition, it w'as found that there was much necrosis at the 
point of injection of the tannic acid, and much inflammatory reaction, while 
no necrosis and minimal inflammation occurred at the point of injection of 
distilled water m the controls (In no experiments were the solutions 
sterilized) 

Exactly the same type of experiments w'eie earned out in 115 w'hite 
mice (Table I), w'lth the same results It is seen that as little as o 5 cc, of 

418 



Volume IIS 
Number 3 


TANNIC ACID IN BURNS 


05% aqueous solution (25 mg of tannic acid) produced hepatic neciosis 
and necrosis at the point of injection The use of this concentration, similar 
to the use of greater strengths, lesulted 111 the death of many mice Of 30 
control mice which received distilled \\atei, only one showed any hepatic 
necrosis and none died It seemed fair to conclude, therefore, that sub- 
cutaneous injections of tannic acid were often lethal for mice, and that hepatic 
damage was frequentl} produced None ot the othei oigans examined (heart, 
lungs, spleen, kidney) showed lesions 

Tvble 1 


EFFECT OF SUBCUTANEOUS INJECTIONS (0 5 CC PFR INJECTION) OF TANNIC ACID (U S P ) ON WHITE MICE (12-30GM ) 








Local 

Lesion 

Liver 

Lesion 

No of 

Tannic 

No of 

No 

Killed 


Necro 

Inflam- 

Necro- 

Fattv 

Mice 

Acid 

Injections 

Died 

after 

Total Do«c 

SIS 

mation 

sis 

Change 

5 

10% 

1 or 2 

4 

2 dajs 

50-100 mg 

+ + + + 

+ 

. + + 

0 

8 

5 % 

1 or 2 

5 

2 dajs 

25-50 mg 

+ + + 

+ 

-L 

0 

18 

2 5% 

1 or 2 

11 

2 da>s 

12 5-25 mg 

-1- + 

+ + 

+ + 

± 

19 

1% 

1 or 2 

9 

2 dajs 

5-10 mg 

+ + 

+ + 

+ + 

zt: 

20 

0 5% 

1 or 2 

10 

2 daAS 

2 5-5 mg 

+ + 

+ + 

+ + 


IS 

0 25-0 5% 

4 

0 

4 daA s 

6 mg 

± 

+ + + 

0 

4" 




CONTROL 

MICE RECriMNG DISTILEED \\ ATI K 




17 


1 or»2 

2 

2 



d= 

0 

4= 

1 


2 

0 

2 



+ 

+ 

+ 

12 


4 

0 

4 


0 

0 

0 

+ 


In Table I it is to be noted that the sublethal dosage was m the neighboi- 
hood of o 5 cc of a o 25% tannic acid solution This amount could be given 
repeatedly without causing death oi hepatic change visible microscopicall} 
Of mice which survived after i eceiving largei doses and which were sacrificed 
after two days, the great majority showed central necrosis of the liver of 
varying degree indicates that necrosis was complete from the central 

vein outward for one-third of the radial distance to the periphery of the 
lobule) In some mice, allowed to survive much longer (not shown on 
Table I), hepatic lesions ■\\ere not found, and it was thought that lesions 
had probably been present during the first several days and had then re- 
paired by regeneration However, carefully controlled experiments to prove 
this point were not successfully concluded From general knowledge con- 
cerning the regenerative power of the liver, it seems probable that this is true 

Acidity of Tannic Acid Not the Necrotizing Factoi — ^That the necrotizing 
effect of tannic acid at the area of application and in the liver was not due 
to the acidity of the drug, is shown by the results of injection of neutralized 
tannic acid as shown m Table HI Tannic acid (S%) brought to /^h 72 
produced well-marked necrosis at the point of application and in the livei, 
nearly as marked as the original 5% tannic acid of pn 3 In addition 
hydrochloric acid was adjusted to pn 3 with sodium h3'^droxide, and when 
injected had no necrotizing effect on the liver, and only slight effect localty 
at the site of injection 

II ^ACTION OF TANNIC ACID APPLIED TO A BODY SURFACE DENUDED OF SKIN 

.Unsuccessful attempts were made to duplicate exactly in the rat the 
therapeutic use of the drug on human burns Burns were made by various 
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methodb (flame, soldeung non, bcalding, cic ) buL were unsatisfactory foi 
expel imental pin poses foi thiee reasons (i) The burn frequently affected 
the visceia thiough the thin wall of the lat, (2) the exact size of the burn 
could not be standardized, and (3) when the bum was laige enough for 
test pin poses the lats sometimes died from the direct effect of the bum 

Because of these drawbacks, no study has been made of the absorption 
of tannic acid from a bum, but data have been secured concerning the 
absoiption of tannic acid from body surfaces denuded of skin Such data 
die impoitant because the bum is excluded as a complicating factor But 
the infeience should be caiefully avoided that absoiption from a burned 
area vould be the same as fiom these experimentally produced wounds 
Bums often have a la}ei of necrotic tissue which might produce conditions 
far difteient. vith legaid to the local and distant effects of tannic aad 
Moreovei, m ceitain bums the epideimis may not be destioyed, and there 
IS evidence that the horny layei of epidermis may act protectively against 
tannic acid 

If all of the skin of the thoiax and abdomen weie lemoved, in a zone 
encii cling the tiunk, the lats died of this proceduie alone, too soon foi 
any fuithei expeiimentation Howevei by denuding the skin of the ventral 
suiface of the abdomen and thorax, ovei an aiea of about 8 x 10 cm in large 
lats, the lats suivned satisfactorih Such an aiea untieated remained 
moist foi a time, and vas usuall} someuhat moist after two days, when the 
control lats were saciificed The denuded aieas had usually contracted some- 
what by this time 

The pioceduie consisted of anesthetizing the lat with ethei, denuding 
the ventral skin, and suspending the lat in the solution to be tested (tannic 
acid solution, distilled watei, etc ) foi 15 minutes wdiile tbe animal w'as still 
undei the influence of ether The amount of skin removed w^as always less 
than one-thiid of the whole body suiface, usuall} about one-fifth or one- 
quartei The following day the denuded area was washed with the test 
solution, without anesthesia of the lat, and at the end of the second da} the 
lat was saciificed with illuminating gas When ointment w'as employed, it 
was thoioughly applied to the denuded aiea of the anesthetized lat and again 
on the following day, without anesthesia of the lat 

In expel iments not included in Table III it was demonstiated that the 
shaved body suitace 01 the seveiely sciatched body suitace did not permit 
the absoiption of enough tannic acid to pioduce any hepatic neciosis Also, 
it was shown that soaking the animal m tannic acid solution foi 15 minutes 
produced no neciosis of the undamaged epideimis This is piobably due to 
the protective effect of the stratum eomeum and the more superficial layers 
of the epidermis as emphasized by Tayloi"* (w^ho was able, however, to pro- 
duce epideimal neciosis by lepeated exposure to tannic acid ovei a period 
of several hours) 

The experimental results following application to tbe denuded body 
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surfaces aie shoun in Table II A fe^^ lats died appaiently as the lesult 
of the treatment A\ith the stiongei aqueous solutions of tannic acid (Two 
of the rats treated with 20% tannic acid, and the control lat treated wuth 
distilled w^ater, weie judged to ha^e died because too much skin w^as lemoved) 

TvBtr II 

rrpECT or T^^^lc acid \ri>iirD to r\ts i artimia di ndded (irss than oni -third or bod\ surtace) or 
SKIN rats (116 198 cm) sACRiricrn one to tour da\s aeti r riRST application 
\reT Local Lesion Li\ er Lesion 


Treatment 

No of 
R-its 

Denuded 

Tt \utop''\ 

No 

Died 

Killed 

after 

Necro- ! 

SIS 

Inflam- 

mation 

Bact 
Grow til 

Necro 

SIS 

Fatty 

Change 

Mitosis 

20% solution 

16 

35 vQ cm 

5 

1-4 da\s 

+ + + + 

+ 

+ 


+ 

0 

20% ointment 

6 

35 SCI cm 


2 da\s 

+ + + + 

+ 

+ 

+ + 

+ 

± 

15% solution 

> 

46 sq cm 

1 

2 daAS 

+ + + + 

+ 

± 

+ + + 

+ 

+ + 

10% solution 


54 sq cm 


2 dais 

+ + 

+ 

± 

+ 

± 

0 

5% solution 

T 

54 sq cm 


2 dais 

+ 

+ 

± 

+ 

rb 


5% ointment 

3 

53 sq cm 


2 da\s 

+ 

+ 

0 


+ 

+ 

5% solution 
10% AgNO, 

and 

3 

37 sq cm 


2 da\s 

+ + + + 

+ 

0 

0 

+ 

0 

2 5% solution 

3 

51 sq cm 


2 da\s 

+ 

+ 

± 

± 

± 

0 

Distilled water 

28 

40 sq cm 

1 

2-4 

± 

+ + + 

+ + + 

0 

+ 

0 


Effect Upon the Livci — Hepatic neciosis was usualh , but not invaiiably, 
pioduced whethei the aqueous solution 01 the ointment was used Theie 
were individual variations among the lats Foi example, the necrosis w’as 
of a high degiee m one of the lats tieated with 1570 aqueous solution, the 
central thiee-fourths of each lobule being destioyed, while in the other tw^o 
rats, which leceived this solution the neciosis extended out about one-quaiter 
of the distance fiom the cential vein to the periphei) of the lobule None 
of the controls treated with distilled watei showed any hepatic neciosis 
In general, the hepatic damage produced was less seveie than from small 
subcutaneous injections, a result which is peihaps not suipiising, since the 
subcutaneous material might be absoibed into the lymphatics and blood vessels, 
and this absorption might go on for some time 

No hepatic neciosis w^as noted in the thiee lats tieated wuth 5% tannic 
acid and 10% AgNO applied alternately o^el a jieiiod of 30 minutes, wuth 
omission of all treatment on the followung day 

There w^as no correlation between fatty change and the concenti ation of 
tannic acid Mitoses w^ere noted moie often in the hepatic cells of livers which 
had been severely injured No lesions weie noted by microscopic examina- 
tion in other oigans (kidne) , spleen, lungs heait) wdiich were examined 
routinel} 

In a sepal ate test on torn lats. it w'as found that the application of a 
strong (20%) solution of tannic acid to small aieas (6 sq cm ) denuded 
of skin w^as attended with no hepatic neciosis 

Effect of Tanmc Actd at Site of Application — Tannic acid often had a 
direct necrotizing action on living tissue wdien applied to a free sub- 
cutaneous 01 musculai surface It was thought to coagulate the protein in 
the living cells at the site of application A local effect of tannic acid on 
living cells has pieviously been claimed'^ 
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Pi oof of the neciotizing action of tannic acid was obtained comparing 
microscopic sections of the denuded abdominal nail of rats treated with 
tannic acid piepaiations with corresponding sections from rats treated with 
distilled water alone 

When distilled watei alone was used there was, of course, some super- 
ficial necrosis of the denuded surface due to the drying of the tissues, and 
othei traumatizing factois and possibly eailv bacterial action However 
m the gieat majorit} of lats tieated with distilled watei the necrosis did not 
extend thiough the hbious sheath overlying the abdominal muscles to in- 
volve the muscle hbeis In the rats treated with tannic acid preparations, 
necrosis of this underlying muscle w'as usually noted, and sometimes it was 
severe The necrosis of muscle lesultmg from immersion of the rat m 20% 
tannic acid, foi example, extended, on the average, one-fourth of the way 
through the abdominal muscle mass m the denuded^ area Necrosis from 
w'eaker preparations 2% and 5%, was at times no greater than that caused 
by distilled water, but 111 most cases w'as greater In Ihe three rats treated 
with 5% tannic acid and 10% silvei nitrate the local effect on the muscle 
was about the same as that from the 20% tannic acid preparations but only 
three rats w^eie tieated w'lth the combined drugs Associated w'lth the 
necrosis there was celliilai mflammatoiv reaction and edema of the adjacent 
tissues This was usuallj less prominent than m the rats subjected to distilled 
water Bacterial growth w'as not demonstrated deep 111 the tissues 111 micro- 
scopic sections m any of the rats but in the rats treated wuth distilled 
water bacterial growdh on the surface w'as regiilarl)" far greater than m the 
rats treated with tannic acid preparations 

III — METABOLITES IN URINE 

A material which gave the ferric chloride test for tannic acid and gallic 
acid was demonstrated m the urine of rats which had received tannic acid 
subcutaneously Ihe exact natuie of the substance could not be demonstrated, 
but the substance was not in tlie urine ol normal controls injected sub- 
cutaneously with distilled watei 

Rost,^’^ m 1897, concluded from studies on cats and rabbits that tannic 
acid administered intravenously 01 subcutaneously does not pass unchanged 
into the urine but appears as gallic acid and, apparentl)'^ also m the form 
of other, as j^et unknown, products of tannic acid 

Tannic acid solution (i cc of 5% solution) w’^as injected with great 
care to prevent spilling, beneath the shaved skin of anesthetized (ether) rats 
Urine was collected foi 24 houis m a metabolism cage As controls, distilled 
water was injected into anesthetized rats and the urine collected m the same 
fashion 

The urine from the lats wdiidi had leceived the tannic acid turned black 
or dark gray when ferric chloride (10%) was added, wdnle the urine from 
the normal rats did not give this reaction The possibility that a small quan- 
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tity of tannic acid had escaped from the injection site and had contaminated 
the collected urine was checked on bj obtaining urine directly from the 
urinary bladder of one of the rats The possibiht} that the material excreted 
uas acetone bodies was excluded by means of a negative Rothera test foi 
acetone, and the possibility that it was aceto-acetic acid was excluded by 
boiling the urine, thus destroying any aceto-acetic acid, and then obtaining the 
darkening of the urine on the addition of ferric chloride 

The darkening of the iiinie pioduced by teinc chloiide ni the rats in- 
jected with tannic acid matched the darkening produced in oi% aqueous 
solution of tannic acid, U S P. (oi in oi% normal urine solution of 
tannic acid, U S P ) Attempts to show that the material in urine from 
the rats which had received tannic acid was tannic acid by the precipitation 
of egg albumen cvere unsuccessful In mfio experiments with tannic acid 
in normal urine, however, indicated that the mine, appaiently, would inhibit 
the precipitation of egg albumen by tannic acid Attempts to identify the 
material by absorption spectia were also unsuccessful, as w'eie several othei 
tests for tannic acid 


TABLb HI 


THL rPFl CT OF CAhUC ACID AND OF THE ACfOITY OF THE EXPERIMENTAL SOLUTIONS UPON WHITl RATS(SUE- 
CUTANFOUS INJECTIONS 1 CC DMIA, TOTAL DOSE 100 Mr (ALL RATS SACRIFICPD AFTFR TWO DATS) 


No of 
Rats 


(l 

6 

6 

J 


Local Lesion 

Necrosis Inflammation Necrosis 

5% gallic acid (i>H 3) 

4 " * 1 " 4 “ 4 " 0 

5%neutral gallic acid (.pH 7 2) 
+ ++ 0 

5% neutral tannic acid (J>h 7 2) 
+++ ++ ++ 

HCl acid (^>H 3) 

+ +T 0 

5% tannic acid (pH 3) 

+++ +++ +++ 


Liver Lesion 


Fattj Change Mitosis 
0 ± 

± 0 

± ± 

± 0 

± + + 


Since gallic acid is a decomposition product of tannic acid, and since it 
has been stated to appear m the urine of cats and dogs given intravenous oi 
subcutaneous tannin, tests ivere made with this crystalline substance, to see 
how'- closely it resembled tannic acid in its effects on rats Rats injected 
w ith gallic acid produced urine w^hich gave an intense ferric chloride reaction 
However, evidence was obtained that gallic acid w'^as not the portion of 
tannic acid responsible for hepatic necrosis (Table HI), for when 5% gallic 
acid rvas injected subcutaneousl> (100 mg ) no hepatic necrosis w'as obtained 
In brief, it w’^as demonstrated that the urine of rats wdnch had received 
tannic acid subcutaneously blackened wdien ferric chloride was added Thus, 
w^hile the phenolic substance in these urines has not been positively identi- 
fied, there is presumptive evidence for the circulation of tannic acid or its 
derivatives in these rats In any analysis of the mechanism of the produc- 
tion of hepatic neci osis this factor must be considered Moreover, the necro- 
tizing effect of tannic acid on the liver was piobably not due to the gallic 
acid component of tannic acid 
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IV — ^ATTEMPTS TO PURIFY TANNIC ACID 

It was desired to determine whether or not the ejflects of tannic acid 
(U S P ) on rats and mice were due to the tannic acid itself or to extraneous 
substances piesent in this material Accordingly, several attempts to obtain 
crystalline tannic acid were made in the following manner To 25 cc of two- 
thirds saturated tannic acid were added 15 volumes of saturated sodium chloi- 
ide solution The tannic acid was kept in a bath maintained, in consecutive 
expeiiments, at -10°, 0° 10°, 25°, 37° C The sodium chloride was added 
diop-wise ovei the course of eight hours in all but two instances The 
experiments at 0° and 25° C were continued for 24 hours The sample of 
tannic acid which precipitated m each trial was used again in the next trial 
In no case was a crystalline product obtained, although the samples w'ere 
contaminated wnth considerable quantities of sodium chloride 

The last sample so obtained was extracted wnth 50 cc of hot, absolute 
alcohol to fiee it of sodium chloride, w'hich w^as filtered ofl: The alcoholic 
extract was then evaporated to dryness ui vacuo and the lesidue taken up 
111 w'atei An excess of barium hydroxide w as added at 50° C , and the 
piecipitate w^as collected by centrifugation The precipitate was w'ashed wnth 
thiee poitions ot hot w'atei and then lesuspended in dilute sulfuric acid and 
the bai lum sulfate pi ecipitate was discarded after the solution no longer gave 
a precipitate with sulfuiic acid The tannic acid w'as again precipitated with 
sodium chloride, dissolved in an equal mixture of hot alcohol and acetone 
and precipitated wath ether This precipitate was again suspended in w'ater 
and the tannic acid w'as piecipitated wnth sodium chloride No determination 
of the salt content of the dry precipitate w^as made 

This cleaned pioduct had the pioperties of tannic acid It turned black 
with feme chloride solution and precipitated egg albumen It tanned the 
rats’ abdominal wall which had been denuded of skin and caused necrosis 
of the superficial portion of the abdominal musciilatuie just as stiong tannic 
acid solution would do 

In 21 mice, subcutaneous injections of the cleaned material was followed 
regularly by hepatic iieci osis when solutions of i % or gi eater w^ere given 

From these lesults it was concluded that the cleaned tannic acid had the 
same action in the experimental animal as the tannic acid (U S P ) , and, 
furthermoie, that the pioceduies used had in no way lessened the untow'ard 
action of tannic acid on the liver Therefoie the necrotizing action of com- 
mercial tannic acid (U S P ) would seem to be due to tannic acid pei sc, 
and not to any contaminating material 

APPLICATION OP EXPERIMENTAL RESULTS TO THE TREATMENT OF HUMAN BURNS 

The Local Ncciohzmg Effect — The experiments in lats suggest that if 
tannic acid came in direct contact with undamaged human subcutaneous tissues 
or muscles some necrosis would result, and that if the stronger preparations 
of tannic acid 20%, came into contact wnth undamaged muscle there w'ould 
be necrosis to a depth of five to ten muscle fibers Applied to the human 
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abdominal wall denuded of skin, the necrosis ould not extend one-quarter ot 
the distance through the muscle mass oi a distance anywhere approaching 
this fraction as it did in the rat because of the much greatei thickness of the 
human abdominal muscle mass 

But It should be constantly borne m mmd that the human third-degree 
burn IS not simpl} an area denuded of skin, but is an area on the surface 
of which there is usually necrotic tissue caused by the burn It may be 
that this necrotic tissue would pi event the underlying viable tissue from 
suffering the necrotizing action noted m the lat The degree of ease with 
which tannic acid penetrates necrotic tissue is not known 

The local damaging eftect of tannic acid would be of little consequence 
m deep burns because the loss of a few additional strands of tissue would 
not matter The damaging eftect might be of gieatei importance when 
remnants of hair follicles and epideimis were destroyed and’ might interfere 
with the regeneration of epithelium^ In a lecent human burn of second- 
degree treated with tannic acid in 5% concenti ation, however, regeneration of 
epithelium was sufficiently rapid to indicate that the local necrotizing effect 
if present at all, had no significance (Personal obseivation, R D B ) 

In brief, it might be argued that the only precautions to be observed, so 
far as the local lesions are concerned, is not to use high concentrations of tannic 
acid (15 or 20%) , and to bear m mind the possible necrotizing action of 
the drug m those burns winch are partially of second and partially of 
third-degree 

The Effect on the Livei — The experimental data can not be applied 
directly to the human case of burns because it is not clear that the absorptive 
power of a burn is the same as that of a bod} surface, denuded of skin The 
evidence that tannic acid can be absorbed through a bin ned area rests on the 
observations made at autopsy upon human cases of burns and on experiments 
on dogs ® 

These experiments on rats suggest that m human burns absorption of tannic 
acid might be expected fiom the ointment and fioni baths of the aqueous 
solutions to about the same extent and that minor degrees of hepatic necrosis 
w^ould lie of brief duration not permanently damaging, and of no conse- 
quence, winie severe degrees of necrosis might be associated with a fatal 
outcome 

SUAniARY AND CONCLUSIONS 

1 Experiments wath rats and mice have corroborated experiments b} 
others that death and hepatic neciosis can be produced by the subcutaneous 
injection of tannic acid 

2 Neutralized tannic acid of />n 7 ~ injected subcutaneously was as 
damaging to the liver as the tannic acid (U S P ) of /ih 3 

3 Gallic acid intioduced subcutaneously produced no hepatic damage, 
indicating that it is not the gallic acid component of tannic acid which is 
responsible foi the neciosis of the livei 
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4 Hepatic necrosis was piochiced m rats by removing the ventral skin, 
immersing the lat m a tannic acid bath (15 minutes) and washing the 
treated area with tannic acid the following day Minor hepatic necrosis 
occurred m some of the rats when one-fourth of the skin of the body was 
removed and solutions as low as 2 5% were applied Severe hepatic necrosis 
was produced by 20% tannic acid applied to an area of the same size, and 
some of the rats which received this concentration died In control experi- 
ments m wdiich other rats w^ere treated wuth w^ater m the same manner, 
no hepatic damage was noted 

5 Tannic acid produced hepatic necrosis wdiether aqueous solutions or 
ointments were used 

6 Tannic acid of 10%, 01 less, sometimes produced necrosis of viable 
tissue ovei the denuded aieas, and regularly wdien concentrations greater 
than 10% were employed 

7 A substance which turned black on the addition of ferric chloride was 
demonstrated in the urine of rats w'hich had received tannic acid subcu- 
taneously 

8 Direct application of these experimental results to the treatment of 
human burns with tannic acid should be made with extreme caution, especially 
those dealing with absorption from a skinned area, since absorption from 
burns has not been investigated in this study 

The authors wish to acknowledge the assistance of Mrs Margery Prindle, M A , 
in this study 
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In the past, decision as to whether a burn was second or third degree at 
the outset, has lested on gross inspection, its value being dependent on an 
individual’s experience with large nunibeis of burns There have been many 
instances, however, in which it was impossible to tell the true extent ot 
the injury until considerable time had elapsed after the reception of the burn, 
and decision as to the ultimate treatment has had to be postponed 

The idea is receiving increasing acceptance that an excellent treatment 
for third degree burns, if not too extensive, is immediate excision of destroyed 
tissue, followed by giafting Before undertaking this, however, one must 
accurately delimit those areas in which skin regeneration is possible, from 
those in which the entire cutis is destroyed both m ordei to take advantage 
of any remaining cells as foci of grow th, and to eliminate as rapidly as possible 
the dead tissue so that granulations with subsequent scar tissue formation 
may be minimized 

It is the purpose of this communication to present a clinical method of 
distinguishing bet\veen burns of second and third degree, winch is applicable ' 
shortly following injury 

Method — Lange and Boyd,^ and Herrlin, et al ^ have shown that sodium 
fluorescein injected intravenously may be employed to reveal “the presence 
and adequacy of the circulation,” and have suggested its use m measuring 
the circulation time , determining the viability of the bowel in experimental 
and clinical cases of strangulated hernia , and in cases of gangrene of the 
extremity, where it is desiied to demarcate satisfactory circulatory levels for 
amputation 

With this in mind, experimental animals (rabbits and dogs) were burned 
by means of a steam-heated hot plate applied to the shaved skin Third 
degree bums w^ere produced, as proved either by excision and examination 
of the involved area, or by subsequent sloughing and granulation Im- 
mediately after burning, five to ten cubic centimeters of sodium fluorescein 
w'as administered, and the area viewed under ultraviolet light screened with 
a Wood filter The burned areas appeared as sharply demarcated blue- 
black patches in contrast to the surrounding yellow’^-green color of normal 
fluorescein-containmg skin The next step was an attempt to produce milder 
burns Since it is fairly w^ell established that second degree burns comparable 
to those encount ered in man may not be produced in the usual laboratorv 

This study was earned out under a grant from the Wallace and Tiernan Prod- 
ucts, Inc 
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animal, human AolunteeisT weie given second degiee burns which blistered, 
desquamated, and suhsequentl} healed without granulation Following each 
burn ten cubic centimeters of 20'/ sodium fluorescein was gnen intra\e- 
nously, and the burned sites examined as above In evei}' instance the areas 
appeared yellow -green generall} more intense m coloi than the surround- 
ing skin 

Finally, a similar test w'as performed in six patients who had suffeied 
accidental hums At the time ol application of the test, it was desired to 
know wdiether both second and third degiee burns w^ere present, and, if so, 
to separate them As m the expeiimental burns, third degree areas weie 
black, wdnle second degree burns were yellow -green 111 color, the tw'o being 
readil)'^ distinguishable from one anothei The accuiacy of the delimitation 
by this method w'as subsequent!} proved after sufficient time had elapsed, b} 
the natuial demarcation Kodachiome pictures w^ere taken and the color 
contrast presented w'as leadil} apparent 

CoMMENi — In evaluating this test, the basic pathologic differences be- 
tw^een second and third degiee bums should be borne in mind, as well as 
their lole in the production ot the coloi contrasts Foi simplicity we con- 
sidei a second degree burn to be one m which not all of the skin epithelium 
IS destioyed, thus permitting regeneration if only from the cells of the hair 
follicles and sebaceous glands A third degree bum embodies complete 
destruction of the epithelium, and postulates granulation Fluorescein when 
administered intravenously diffuses throughout the vascular tree and after a 
sufficient time, some of the di ug undoubtedly entei s the intercellular fluid and 
stains the cells In normal skin, it peimeates into all the minute vessels ot 
the corium, even the subepithehal capillaries, and may be visualized on the 
surface On the other hand, if enough tissue destruction has occurred, as 
m a third degree burn, vasculai ti ansportation of the drug to the upper and 
visible skin layers is impossible Howevei m any one area, some vessels 
may be intact, while others are destioved, and it is heie that a mottling of 
color occurs suggestive of a deep second degree burn as opposed to the dit- 
fuse yellow of a more superficial mjun With some practice one may easih 
appreciate this difference 

We have given no more than ten cubic centimetei s of sodium fluorescein to 
any one patient, although more has been used m anothei clinic^ We have 
found that there is clinical evidence of its presence 111 the blood stream 
by visual skin discoloration for about 10-12 hours followung admimstratioii 
and that its presence m the urine is noted foi about 30-40 hours In oui 
experience, it appears to be a safe drug for intravenous use m such dosage 
the only untoward symptoms being a tiansient nausea if given too fast (three 
patients), and a questionable attack of renal colic 111 one hypochondi lacal in- 
dividual. wffiich occurred twm days followmig its administration and w-as 
unaccompanied by objective urinary findings We have noted no ill effects 

* Save, in our experience, a suckling pig 

t Students of Cornell University ktedical College 
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from the accidentdl subcutaneous extravasation of the drug in animals oi 
humans 


SU]Mi\Ll.RY 

A method of distinguishing second from third degree burns is intro- 
duced which has proven reasonablv accurate in a small series of cases and 
depends only on the recognition of sharply opposed color contrasts It is 
hoped that its widespread application ma} aid m preventing some of the 
unfortunate end results ol accidental burns, and ma} cut down appreciabl} 
the duration of hospilah/ation ot such patients making the initial prognosis 
more accurate 
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PILONIDAL SINUS 

APPLICATION OF PLASTIC SURGICAL PRINCIPLES IN A NEW SURGICAL APPROACH 
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The importance \io the Army of the treatment of pilonidal C3rsts is 
very real, as may be inferred from the mass of literature being presented 
relative to them recently The condition is usually considered a minor 
one, but the morbidity incident to a conventional radical excision, which 
obviates the likelihood of recurrence, is a major problem 

The embryology of pilonidal sinus has been studied by many investigators 
Two tenable theories of origin have been evolved The one bearing the 
bulk of substantiating evidence is that the sinus is derived from epithelial cells 
of the neural tube which fail to dissociate during prenatal life when other 
elements of the embryonal “tail” do so The other theory is that the sinus 
is derived from an invagination of epidermal elements during embryonic 
life Contention ovei these theories has entertained embryologists, but a 
settlement of the argument would not provide the clinical surgeon with a 
solution of his problems 

However, we do learn a great deal from the study of the pathology of 
the condition First of all, and most important m the establishment of an 
operative approach, is the fact that the sinus is a disease of the subcutaneous 
fat and not a disease of the skin There are usually, but not always, dimples 
of small size m the sacrococcygeal region, which form the only connection 
with the skin, except where artificial ones are made by surgical incision 
or spontaneous rupture of an abscess These dimples and artificial openings 
have no surgical significance pe? se, but are important only if they connect 
with the epithehal-lined tract m the subcutaneous fat This pathologic fact 
IS emphasized because it is overlooked in most discussions of the subject and 
because it makes it obvious that the removal of skin is unnecessary if the 
subcutaneous fat can be adequately exposed and resected without it Second, 
it IS impossible to determine the extent of the epithelial tract in a given case 
by any clinical test, be it injections of dj'-es, radiopaque substances, oi the 
passage of a probe, because the tract may be occluded with pus and debris, 
pr the lumen so small that it will not admit any of these materials This 
fact makes it necessary to remove an adequate amount of fat surrounding 
the tract or recurrences will appear Third, infection is almost invariably 
present in the tract which is causing symptoms Primary closure fails so 
often because infection leads to fat necrosis which, in turn, leads to wound 
separation and the formation of dead space This dead space is in reality, 
another sinus, and must be treated by incision and packing Provision for 
adequate drainage is a strong point on the side of radical excision with open 
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packing, but prolonged healing time makes this pioceduie undesirable 
Fourth, IS an anatomic feature of the region The gluteal muscles exert a 
pull on the skin and subcutaneous fat which is a prime factor in the formation 
of dead space under an incision uhich has been subjected to primary closure 
^t will also cause a poor result in the so-called “partial primary” closures 
because the sutures maintaining the closure will cut through and allow the 
wound to gape Restraint with adhesive, or other devices, is of no avail 
in preventing the dogged-tug of these muscles A sound surgical approach 
should include a release from this lateral pull on the w^ound 

The number of methods suggested in the hteiature for the lelief of 
this condition is legend, and wmuld not bear enumeration, but the basic 
principles underlying approaches are not at gieat variance and should be 
a part of the armamentai luni of anyone entrusted with the care of these 
patients The basic features of suggested suigical approaches are as 
follows (i) Radical excision, wuth open packing (2) Radical excision, 
with immediate primary closure (3) Radical excision, with closure by 
flaps detached from the adjacent area (4) Radical excision, with partial 
primary closure (5) Radical excision, wuth delayed partial primary 
closure (6) Destiuction of tiact with sclerosing solutions or cautery 

(7) Exteriorization of tract by incision and open packing with gauze 

(8) Excision of tract wutb cauteiy or shaip dissection by undermining 
of wound edges, followed by partial primary closure 

Reference to the preceding paragraphs wnll suggest the advantages and 
disadvantages of these methods We may emphasize that any method 
wdiich falls short of radical excision is fraught with the likelihood of re- 
currence, and that primary closure after radical excision, with sacrifice of 
skin, is known to be treacherous because of the probability of wound 
separation 

All methods of radical excision so far suggested entail the sacrifice of 
skin primarily because it has been deemed impossible to provide adequate 
exposure of the underlying tract in the fat wuthout this sacrifice The 
method which we shall describe provides for this exposure by the under- 
mining of four flaps, and a tract of any size can thus be exposed It may 
be noted that this method is particularly applicable to the extensive tract 
in which sacrifice of a large amount of skin is customarily practiced In 
the senes reported, there have been a total of 49 cases Ten cases had 
lery small and superficial tracts which were treated by a method involving 
some type of partial primary closure and a method wdiich w'^e developed in 
the process of evolution of the more perfected procedure Thirty-nine cases 
uere treated by the method to be described These facts suggest only 
tiat the large majority of cases fall into the extensive group and must 
be handled by radical methods 

In the 39 cases subjected to this method of treatment the average healing 
time u as 38 days The shortest healing tune w^as 23 days, and the longest 
I a} s Tu o cases returned about one month after discharge from the 
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hospital complaining of a chaining site over the sacrum In both cases one 
of the cotton mattress sutures had become imbedded under tbe skin After 
lemoval of these sutuies tbe wounds bealed readily This experience 
has led us to cut these sutures longei at the operating table so that they 
may be more leadily identified at the scheduled time for their removal 
Apology must be made for the fact that a long-term follow-up is not 
available in this series However v\e feel fiee to believe that tbe recurrence 
rate will not be any greater than that ah eady established for other pi ocedures 
entailing the radical removal of fat fiom the sacrococcygeal region The 
first of these operations of the lepoited senes was performed September 
9, 1942 

TECHNIC OF OPERATIVE PROCEDURES 

Adequate exposure of the fat containing the tract is provided by three 
incisions Tw'O sides of a triangle on each side of the natal cleft are 
made with the apex of these incisions about one inch from the midline 
Each limb is made approximately one and one-half inches long The apices 
of these partial triangles aie joined across tbe midlme b)'^ anothei incision 
The incision is earned only thiough the skin Foi subsequent use for 
traction on the flaps, sutures are placed on the edges of these incisions at 
strategic points The longer flap is then undermined by sharp dissection to 
a point well below the coccyx The flap is not stripped entirely of fat, 
but the undei suiface of the skin is so exposed that a tract running close 
to It could be easily discovered The upper flap is undermined m the same 
manner to a point well above the upper border of tbe sacium One tract 
IS illustrated which extended verj' high m this direction More exposure 
of the underlying fat can always be provided by extending the limbs of the 
incomplete triangles on both sides either up 01 down, as the case may require 
The lateral flaps are formed by the undermining of the incomplete triangles 
down to their bases It will be noted that these flaps are designed so that 
they have veij^ broad bases which make sloughing of the tips unlikely We 
have encountered very minor sloughing m only two cases The extent of 
these sloughs was no larger than some of the stab w^ounds which w'e have 
purposely made and did not delay healing time 

Up to this point the tiact m the fat has not been attacked but it is 
now thoroughly exposed by letraction of the flaps and may be removed 
cn bloc No bard and fast lule can be set foitb as to tbe amount of fat 
w^hicb should be removed but it should be generous Lack of exposure 
has been eliminated, and we have found that the small amount of fat 
left on the flaps wall pioliferate and provide a soft, pliable pad over 
the sacrum and coccyx m a veiy short time Patients have not com- 
plained of pain and tenderness in this aiea upon return to then duties The 
removal of the “block’’ containing the tract should be systematic and 
should lay bare the medial aspects of the glutei as well as the fascia over 
the lower lumbar region, sacrum and coccyx Rigid hemostasis is secured 
in the base of the wound and on the flaps The w'ound is then thoroughly 
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liG 1 — Pnmuv Incisions Piobe is inserted into portion of tract, tract also extended dowmsard 
toward coccw but would not admit probe This is tiue of a great manj tracts and serves 
size the imdequao of the probe in determining the limit of excision 

Fig 2 — Flaps have been dissected free Tract is exposed and read> for removal Probe sti 1 les 
over part of tract which will admit it 

Fig 3 — ^The tat is being removed cii bloc with the aid of traction The surface of the sacrum 
and medial aspects of the glutei are exposed 

Fig 4 — A block of fat over the sacrum ind coccax ha\e been removed A verv small amount 
of fat has been left on the flaps 
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bathed with warm normal saline solution in large amounts By retracting 
upward on the flaps a large cup can be made of the wound and the solution 
poured m Any bleeding produced by this bathing should be rigidly con- 
trolled Any tabs of fat which float and aie loosely attached should be 
debnded This cleansing and debridement and attention to hemostasis 
all contribute to the production of a clean postoperative wound Five Gm 
of sulfanilamide powder are then spnnkled into the wound with a» salt 
shakei Stab wounds are made in all flaps according to the pattern shown 
in the illustrations These provide drainage for a potentially, or actually, 
infected wound They would also serve to make the flaps longer if this 
were necessary, but it wnll be found that the flaps fall into their original 
positions without the slightest tension in any direction In fact, one fre- 
quently finds more tissue than he needs and is able to debride the dimple 
site This may be done in eveiy case if desiied Points wdiere spontaneous 
rupture of an abscess has occurred remote from the dimple site, may be 
removed by making a stab w'ound involving this area The central flaps 
which cover the sacrum and coccyx are free of lateral pull by the glutei, 
and dead space will not be created by lifting of the flaps The flaps are se- 
cured m position by mattress sutures placed at strategic points These sutures 
are passed through the skin, then engage the underlying bed of the w'ound 
securely, then pass back through the skin and are tied No sutures are placed 
in the edges of the wounds to provide apposition of the incisions The 
incisions fall together naturally wdien the flaps are i eplaced Close apposition 
IS not desiiable because of the potential danger of infection When the 
mattress sutures are placed a low' of them is left long on each side about 
three-quarters of an inch from the midline These are tied across a gauy’e 
roll, about two inches in diameter and about four inches long, wdiich lies 
in the natal cleft and maintains pressure on the central portions of the 
flaps This gauze loll is impregnated wnth glycerin, wdiich preserves the 
soft consistency of the pack and prevents it from becoming malodorous as 
It accumulates secretion from the w^ound A pressure diessing of cotton 
waste IS then applied This top dressing is changed as necessar}^ but 
the gauze roll is left in place foi approximately one w'eek Since it is held 
111 place wuth sutures no amount of movement, straining at stool, or othei 
activity can dislodge it The mattress sutuies aie left m place from 10-12 
days Patients are allowed food as soon as it is tolerated, and no attempt 
IS made to lestram bowel movements Sitz baths are begun after the tenth 
day and continued until healing is complete The patients are able to go to 
the bathroom as soon as they have lecoveied from the spinal anesthesia, and 
are allow'ed freedom of movement after the third postoperative day An 
adjunct to treatment is the administration of the sulfonamides by mouth 
before and after operation as w^ell as applying it directly to the w'Ound 
We have not used this adjunct unwersally Gross infection has appeared 
m a large percentage of our w^ounds, but the presence of multiple stabs 
in the flaps has provided adequate drainage, and floating of the flaps has not 
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Fig 8 


Fig 5 — Stab wounds ba^e been created in the flaps The wound has been thorough y 
b> irrigation iMth saline The floating fat is debrided Bleeding caused ^ 

controlled Sulfanilamide is sprinkled in the wound Mattress sutures are placed ^ strategi P , 
on the flaps The probe is pointing toward the suture as it engages the fascia over the sacrum aeep y 
The sutures on the inferior flap hac e been drawn taut to demonstrate the replacement aCcompiisnea 
Fig 6 — Replacement of flaps has been accomplished Sutures have been left long in a row 
alongside the natal cleft These will be used to hold the dressing in place The original incisions tau 
together naturalh, but sutures are placed in them to prevent overlapping 

Fig 7 — A gauze roll impregnated with glycerin has been placed in the natal cleft and secured 
with the sutures which were left long A further pad of cotton waste is placed over this dossing ana 
held in place with adhesive tape The latter can be changed whenever it becomes soiled the tormer 
is left in place from seven to eight days 

Fig 8— The Healed Wound The skin becomes resilient and freely movable over the sacrum 
and coccyx 






MAJOR GEORGE 1 MlCUJGHEK 


Viiiials of burton 
beptember 19 4o 


OLCiuied Infection has not deterred healing as fai as we have been 
able to determine We expect infection and provide for it 

During the evolution of this technic two other flap tvpe operations 
were tried and found to be inadequate The first was a T-shaped incision 
with the short limb of the T about one and one-half inches from and 



g — xhe tract ha'i been Hid open tiuI outlined with cotton thread A generous 
imount of fit Ins been removed around it 

paiallel to, the midline The long limb of the T extended across the midlinc 
near the midsacral legion The undermining of flaps was found to proMde 
inadequate exposure for the extensive case, and the tendenc} for flaps to 
“rise” was great because of inadequate release of lateral tug by the glutei 
The second was the making of another lateral incision at the base of the long 
oblique limb of the T This provided twm lateral incisions wdiich were 
staggered, that is, at different levels on the two sides of the tiansverse wound 
Undermining provided adequate exposure but a tendenc)' to floating of the 
flaps w'as again encountered Adequate disposition bad not been made of 
the tugging glutei 
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One incident should be mentioned m oidei to avoid a lepetition ot it 
V long coccyx whose tip was curved posteiiorly was encountered in one case 
This protruding tip w^as not reinn\ed At the hist dressing it w^as found 
presenting itsell through a stab wound It w^as necessary to leinove this 
protruding tip at a later date It would have been much bettei to have 
removed it at the operating table although healing w as not impaired because 
ol failure to do so 

We behe\e that the pioceduie, as it was finally evolved, attacks the basic 
jirobleins presented by the patholog} ot this troublesome condition Ade- 
quote exposure is piovided so that the 'ti act can be removed m a radical 
mannei Unnecessary sacrifice ot skin is eliminated without jeopardizing 
the extent of excision The unfacoiable eftects of infection are eliminated 
by the provision for adequate diamage thiough stab wounds The lateral 
tug of the glutei on the flaps is eliminated bj the incisions made on each 
side during the toiination of the flaps 

CONCLUSIONS 

(1) Radical and extensive removal of the subcutaneous fat of the sacro- 
coccygeal legion IS essential to the cure ot pilonidal sinus without the like- 
lihood of recuirence 

(2) A procedure making use of basic plastic and geneial surgical 
pnnciples is piesented w^hich eliminates the sacrifice of skin and still 
provides adequate exposure of the fat wdnch should be excised 

(3) Healing tune has been consistently short foi a radical excision of 
the cyst 

(4) Hope IS expiessed that otheis wall see fit to tiy this proceduie 
wdiile the present mobilization of young men in the army provides such a 
rich opportunit} foi the continuous and consecutive obsen’^ation of a large 
group of cases 
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The purpose of this paper is (i) to lecoid further clinical experience with 
synovial cysts of the popliteal space, (2) to emphasize that these cysts 
often cause symptoms which suggest internal derangement of the knee 
joint and that unless the popliteal space is caiefully examined the pres- 
ence of such a cyst may well he missed, and (3) to point out that excision 
of the cyst relieves symptoms and results in excellent function of the 
knee joint 

In a previous papeC the hteiature on this subject was levieved, as 
well as the origin of the eponym, “Bakei s cyst ’’ frequently employed to 
describe synovial cj^sts of the popliteal space 

ETIOLOGY 

Synovial cysts of the popliteal space are due to a posterior herniation 
of the knee joint capsule or to hypeiplasia — “fluid distention” — of one of 
the adjacent bursae, most frequently the semimembranosus bursa In my 
experience, herniation of the joint capsule has been the most frequent cause 
for the condition Wilson, Eyre-Brook and Francis- consistently found that 
the cyst was on the medial side of the popliteal space, originating from, 
or a part of, the semimembranosus bursa Theiefore, they concluded that 
the synovial sac is a congenital deviation of the normal structure 

Of those patients shown at operation to have true posterior herniation 
of the knee joint capsule, the majority give a definite history of trauma, 
particularly of a sudden, forcible hyperextension of the knee joint The 
propensity of patients to ascribe a condition to some injury is well known 
But the type of trauma described, that of hyperextension of the knee, is 
not so frequently encountered In this group of cases, such an injury 
seemed to be of real significance as a causative factor in the development 
of the herniation 

On the other hand, of those patients known to have an hyperplastic 
bursa as the cause of the synovial cj'st, a history of trauma was obtained 
in 75 per cent However, in no single instance was it a type of injury that 
resulted in foiceful hyperextension of the knee 

Upon operation, four children, in the age group of 5 to 12 years, exhibited 
enlarged semimembranosus bursae, which bears out the point made by 
Wilson, et al ^ namely, that one would not expect a hernial protrusion in 
a joint capsule in a child One of these cysts was recurrent, the child 
having been operated upon twice elsewhere In this patient, who gave a 
definite history of recurrent swelling of the knee, a large communication 
with the knee joint capsule vas demonstrated 

438 



Volume 118 
Number 3 


SYNOVIAL CYSTS OF POPLITEAL SPACE 


PATHOLOGY 

The histologic examination o£ the lining niembiane of the synovial sac, 
whether it was a hernial protrusion or an enlarged bursa, revealed a true 
mesothelium similar to the synovial membrane of the knee joint Acute 
and chronic inflammation of the serosa was evident, together with moderate 
to marked round cell infiltiation of the subserous layers In the case of 
posterior herniation, the outer wall of the sac, especially that immediately 
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Fig 1 — Both the semimembranosus bursa and the usual site 
of Origin of posterior herniation of the Knee joint are located 
beneath the medial head of the gastrocnemius muscle A large 
sjnovial cjst from either source will fill the popliteal space and, 
as described, extend down the lower leg 


adjacent to the site of origin, was composed of relatively dense, fibrous 
tissue Similar to the capsule of the knee joint, while the more distal portion 
of the sac was composed of fine connective tissue, quite friable and easily 
torn This distal pait of the sac was always firml)'- adherent to the adjacent 
fibers of the gastrocnemius muscle, especially the medial head In patients 
shown to have a true posteiior herniation there was a communication 
between the cyst and the knee joint Of this group, 6 o per cent gave a 
definite histoiy of intermittent swelling of the knee, and presented a picture 
strongly suggestive of internal derangement of the articulation Of those 
patients found to have a distended bursa as a cause of the synovial cyst, 
20 per cent reported intermittent swelling of the knee, and in each instance 
in tins group a communication with the knee joint vas established at operation 
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CLINICAL FINDINGS — ^INCLUDING ROENTGENOLOGIC EXAMINATION 

Patients with synovial cysts of the popliteal space most frequentl) 
request medical advice because of aching discomfort in the knee, often 
associated with recurrent swelling of the joint All the patients with 
relatively large cysts also had noted intermittent swelling of the lower leg 
and ankle region, particulaily evident aftei standing for a long period of 
time The longest duration of symptoms was six years, and this particulai 
patient leported intermittent swelling in the popliteal space and at times in 
the knee joint itself for an inteival of four yeais before operation From 
foui patients who had noted the swelling m the popliteal space, as i\ell 
as intermittent eftusion in the joint, a detailed histoiy levealed that ap- 
pearance of fluid m the knee coincided uith sudden diminution m swelling 
m the popliteal space The general character of the symptoms was indica- 
tive of an internal deiangement of the knee joint 

On clinical examination these synovial cysts jiresent themselves as a 
cystic swelling, the majoi part of which is distal to the transverse flexion 
crease of the popliteal space The swelling has a definite elastic sensation 
of contained fluid, and m a typical case, with the knee flexed, a ball-hke cystic 
mass m the popliteal fossa can be demonstiated 

Except in obese patients, these cysts are visible on inspecting the popliteal 
space when the extremity is placed in the position of hyperextension of 
the knee joint Swelling due to an enlarged semimembranosus bursa is 
more obvious on the medial side of the popliteal space, while that due to a 
posterior herniation is found at or near the mid line (Fig i) 

The usual routine examination of the knee rarely exhibits any tender- 
ness along the joint line and, as noted, there may oi may not be increased 
fluid within the knee joint Instability of tbe joint was not encountered 
In this group of cases the roentgenograms of the knee region consistently 
were negative, except in older patients m whom theie was some degree of 
degenerative arthiitis 

No attempt was made to inject an oi oxygen into the cysts Past 
experience with arthrograims revealed that this jiiocedure created an 
appreciable irritation of the s}novial tissue, and since surgery offers the 
one measure for cure of these cysts, such studies did not seem indicated 
No attempt was made to aspirate the cysts, because in the majority of 
cases the thick contents would have necessitated the use of a large needle 
Furthermore, as the cysts are multiloculai , one would not expect to secure 
all the contents by aspiration 

OPERATIVE TECHNIC 

After the fiist two cases, the remamdei of the patients m this group 
were operated upon through a midline incision over the popliteal space 
(Fig 2), because it was not possible to foretell accurately the extent to 
which the synovial cyst had extended down the leg In six patients, for 
example, the distal tip of the sac was well below tbe midcalf region 
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Therefore an incision in the midline made the dissection much easier and 
more direct With one exception there was no keloid formation m the 
scars In that instance an infection of the supeificial layers of the wound 
developed as the result ol a thrombophlebitis which began in the lower 
leg and progressively advanced up the extremity until it i eached the popliteal 
region, when the superficial portion of the \\ound became infected and had 
to be packed open A touimquet is not employed as bleeding is com- 
pai atively minimal 



Fig 2 — Diagram of t\pes of incision (a) As the 
operation is now earned out (b) As performed in the 
earh cases 


The deep fascia is incised in line with the skin, and wuth blunt dissection 
in the popliteal space, the underlying cyst comes into view Then the incision 
IS lengthened according to the extent of the cyst The cyst w'all is firmly 
adherent to the underlying tendon of the gastrocnemius muscle Dissection 
begins in the distal part of the incision, and freeing of this cyst necessitates 
cutting aw'ay some of the tendon fibers thus gradually progressing tow'ard 
the niidpopliteal region 

In a posterior herniation, the sac often exhibits a short, thick neck as 
the communicating channel betw'een the cyst cavity and the knee joint 
This IS carefully defined, clamped, cut, and if sufficient tissue is present 
the stump is inverted, and the aperture then closed with interrupted silk 
sutures 

A^dien a communication with the knee joint is demonstrated, every eftort 
should be made to close this opening In some instances, particularly with 
Inperplastic buisae this is difficult as the opening into the joint ma) vary 
from one to three centimeters in diametei, with relatively rigid walls In 
such a case, fibers Irom the adjacent tendon are cut for suture material 
01 fascia lata is employed to close the delect T believe that the care exer- 
cised m closing this aperture into the knee joint accounts foi the fact that 
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no definite recurrence has been obsen^ed In one patient the cyst may 
have recurred, but he has insufficient symptoms to submit to reoperation 
The concluding step m the operation, just before the cyst is actually 
lemoved, is to open it widely and carefully examine the inner nail, to 
determine, if not already known, the point of origin and whether the cyst 
communicates with the knee joint The iniiei surface of the cyst presents 
numerous ridges and multilocular compai tments, all of which should be 



Fig 3 — Sjnovial c>sts of the popliteal space due to posterior herniation 
of the knee joint To obtain this degree of exposure it is necessary to cut 
away many of the tendon fibers from the gastrocnemius muscle The cjstic, 
friable distal portion of the cyst is well shown The part outlined and not 
vet exposed is, as a rule, a fibrous band, alwa\s firmly attached to the 
gastrocnemius muscle 


investigated, because in three cases of enlarged semimembranosus bursa there 
were two separate openings into the knee joint Hemostasis having been 
completed, it is important to resuture the deep fascia accurately 

Following closure of the wound, the patient is moved from the prone 
position, in which he was operated upon to the supine position, and a 
plaster encasement applied from the high thigh to the ankle, with the knee 
in full extension This encasement is left on for ten days, the objective 
being to obtain early healing of the wound with the joint in full extension 
Furthermore, this position aids in preventing undue oozing Thirty-six hours 
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after operation the patient is strongly urged to start active contraction of 
the quadriceps muscle, which he continues during the convalescent period 
In every patient in whom a definite communication between the synovial 
cyst and the knee joint was demonstrated, there was an appreciable post- 
operative effusion into the knee joint In consequence, the convalescence and 
return to normal function in the early cases operated upon was delayed 
because of inability to overcome flexion of the knee With the use of the 
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Fic 4 — S> novial cj sts of the popliteal space due to hj perplasia of the 
semimembranosus bursa Note that the character of the c>st wall is sim 
liar to that shown m Figure 3 


plaster encasement, the knee in full extension, this discomfort was greatly 
alleviated, the degree of swelling in the joint w'as less pronounced, while the 
return of normal muscle function in the extremity w'as not delayed because 
of the active exercises instituted, namely, repeated contraction of the 
quadriceps muscle, and also lifting the extremity clear of the bed w'hen lying 
supine Following removal of the splint, progressively more active muscular 
exercises are encouraged, and the patient is then allowed up and progressive 
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eight-bearing is instituted In the case of oldei patients, oi those with 
lelatively pooi muscles initial eight-bearing is cairied out with the aid of 
crutches, and these are also employed wdien the patient has had a con- 
siderable operative reaction m the knee joint The average period of hos- 
pitalization IS i8 days 


KESUT-.TS 

Thiity-foui patients with synovial cysts ot the popliteal space hace been 
opeiated ilpon In one instance the cyst was bilateial, making a total ol 
35 cysts exploied and lemoved In 22 cases the cyst was the lesult of 
posterior herniation of the knee joint, while in the lemaining 13 the cyst was 
due to enlargement and distention of the semimembianosus bursa With 
the exception of one patient, there are no recurrences This man now' ex- 
hibits, three years aftei opeiation, a fullness in the popliteal space but in no 
sense a round, ball-hke mass such as was present before surgery He 
has lefused leoperation because the knee does not bothei him enough to 
w'arrant it All patients in this series exhibit the same range of motion as 
w'as present befoie operation and have returned to then previous occupations 
Sw’elhng of the knee or low'ei leg region is absent 
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According to Shaw (1928) blood vessels are formed in the embryo from 
angioblastic endothelial cells developing m the vascular layer of the mesen- 
chyme These cells first form solid cords and islands , lumens then appear 
in them and, finally the isolated structures unite to form continuous tubes 
If some of these structures fail to unite and remain segregated, they may grow 
independently and form hemangiomas which may subsequently unite with 
normal blood vessels or remain separated from them They may remain as 
simple capillary tubes consisting of endothelial lining cells surrounded by a 
delicate reticulin framework or have, m addition, other cells normally asso- 
ciated with blood vessels such as smooth muscle cells and pericytes, and 
also, on occasion, othei tissues such as fat smooth muscle, myxomatous 
tissue bone, mature and immatuie led and \\hite blood cells and perhaps 
other cells which may he derived from mesenchyme 

This accounts for the focal oiigin of a large majoiity ot vascular tumors 
but It does not account for all, 1101 does it explain the spiead and infiltrative 
growth of any of these tumors after they have once foimed This takes place 
by a process similai to the formation ol capillaries in gianulation tissue which 
occurs by the sprouting of endothelial cells from preexisting capillaries 
forming first a solid cord which secondarily’- becomes canalized It seems 
probable that the malignant tumors in. this series, which appeared in trauma- 
tized areas (Cases 8 and 14), must have developed in this fashion from the 
capillaries ot granulation tissue Probably all of the malignant tumors 
exhibit this ty’pe of growth in then infiltrative grow’th 

These methods of deielopment make possible a very'^ W'^ide vaiiety of gross 
and micioscopic forms wdnch ha^e been endlessly descnbed and named by 
pathologists, dermatologists neurologists and many’- others It often leads 
to the toi Illation of multiple tuniois Usually’- such tuniois eieii if they appear 
successn ely and grow to a large size, are not suspected of being malignant 
growths but a few cases have been recorded whose behavior has raised this 
question In some, such as the cases of Gloggengiesser (1939), Rabson 
(^938), Weiss (1911) 111 humans, and Sal (1931) in chickens, grow’th of 
vascular and related tissues occurred in wndespread areas, as if it were due 
to a profound and perhaps sy’stemic disturbance of the vascular system akin 
to von Recklinghausen’s disease in the nervous sy’stem If Kaposi’s disease 
is neoplastic it probabh belongs to this group In another group of cases, 
vhat ha\e been described as benign hemangiomas haAC developed in one area 
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with the subsequent appeal ance of hemangiomas or hemangio-endothehoinas 
in other areas, as if they weie metastases This phenomenon has given rise 
to the term benign metastasizing hemangioma The writer has never observed 
such an anomaly m his own material, and questions its occurrence The 
subject will be discussed later in this paper 

In spite of the fact that blood vessels are ubiquitous, and benign vascular 
tumors exceedingly common, malignant tumors of blood vessels are exceed- 
ingly rare Just how many of them have been recorded is impossible to say 
because many tumors have been leported as such with insufficient or obvi- 



Tig I — Case i Hemangioendothelioma of the mammarj gland in a 19 year old 
girl, 14 months after onset, just before it was removed The enormously enlarged 
bluish, turgid right breast weighed 1647 Gm , and contained a liter of blood 


ously erroneous data Aftei leading leports of ii8 cases labelled with some 
name suggestive of a malignant vasculai tumor, the writei felt compelled to 
reject 41, 01 35 pei cent of them, eithei because there was an inadequate 01 
no histologic lepoit, or because in his opinion, the illustrations and text 
described a tumor of some othei kind 

There aie ceitamly two and piobably three, malignant vascular tumois 
all charactei ized b}' the foimation of vasculai tubes but with different cells 
playing a dominant lole in tumoi giowth Attention has already been called 
to the gioup featuiing the peiicyte (Murraj^ and Stout, 1942, Stout and 
Muira), 1942) for which the name hemangiopei icytoma has been suggested 
This group includes the glomus tumors, and the vast majority of them are 
benign However, two cases have shown aggressive infiltrative growth, and 
at least one other is known to have metastasized — establishing the existence 
of a malignant variant 

Since smooth muscle forms an important part of many blood vessels, one 
might expect to find a vascular form of leiomyosarcoma There is a benign 
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vascular leiomyoma (Stout, 1937, 1938), hence from the theoretical view- 
point, there is no reason why there should not also be a malignant form of 
this tumor The evidence that such a neoplastic type exists is scanty Foui- 
mestraux and Foulon (1930), Grandclaude, Lambert and Dnessens (1933), 
Leuret et al (1930), and Konig (1921), believe that such tumors occur 
The case reported by Leuret, and his associates, seems to have been com- 
posed of both atypical smooth muscle and many vessels, sometimes with 
heaped-up irregular endotheha and may, indeed, be truly compounded of 
both of these elements It would be prefeiable to obtain further confirmation 
from others before accepting this as a definite type and not just a 'sport 
This writer has not encountered such a tumoi 

The third group is much better known and contains the majority of the 
malignant vascular tumors It also forms vascular tubes but the important 
cell responsible for its aggressive growth and metastases is the endothelial 
cell Because of this, it is best called by the name hemangio-endothehoma, 
devised by Mallory (1908), which is properly descriptive and has the added 
advantage of familiarity 

The writer has had the good fortune of assembling 18 such tumors from 
various sources, which he is peimitted to present in a group through the 
generosity of seveial different pathologists and surgeons Such a collection 
affords a better opportunity to study the chai actenstics and peculiarities of 
this tumor type than can be gained by attempting to analyze and collate the 
literature, for the reasons already indicated The water will base most of 
his remarks upon this material and only supplement it when necessary from 
the reports of others 

Eleven of the patients here reported were females and seven males Three 
of them were colored The age at onset varied from birth to 66 years , nine 
weie less than 30 years of age but six were over 50 years A tumor of the 
popliteal space (Case 14) and the one m the erector spinae muscles (Case 8) 
developed in traumatized ai eas 

Ibe distribution of the primary lesions is shown m Table I 

Table I 


Mammary gland 

laver 

Bones 

Striated muscles 


PUIMARY SITES or HEMANGIO ENDOTHELIOMAS 

3 Pleura 1 J 

2 Uterus 1 Skin and subcutaneous tissues V 6 

2 Orbit 1 J 

2 


The majority of reported cases have been in the spleen, the liver, the 
bones, or m the skin and subcutaneous tissues In acceptable reports of 
others can be found the following additional primary sites mentioned Tonsil 
(de Bary, 1935) > stomach (Sheri ill and Giaves, 1915) , intestine (Magnus- 
son, 1934), omentum (Ransom and Samson, 1934), 1 etropei itoneal space 
(Beitzke, 1932, Leubnei, 1935, Cannata 1931). lung (Hall, 1935, Plant 
^930) , mediastinum (Shennan 1914) , heart (Gross and Englehart, 1937 
Hewer and Kemp, 1936) , pericardium (Scheidegger, T937) ovar} (So\ak 


447 



Airi HUR PURDY STOUT 


Annals of burgeri 
September 19 43 


and Caiabba, 1931), corpora cavernosa (Foulds and Flett, 1938), central 
nervous system (Tuinei and Kernohan, 1941) 

The malignant nature of these tumois is fulh confiimed by the outcome 
of the cases m this group Of the 18 patients, ten are known to have died 
with metastases , one was last seen with local persistence of disease , one had 
had nine operations foi local reappeai ances and was not followed after the 



Tig 2 — Cisc 13 A (left) Heiiniigio eiidothelioim of "iupnclTvicul tr region Anistomosing 
^ascular clnnnels lined bv heaped up rounded at'pical endolheln Silver reticiilm stain below out 
lines the vascular tubes 

Case 14 B (right) Ilem iiigio endothelioma of popliteil region I’ooib dehned aasculai chan 
nels lined by swollen poI>gonal eiidothelia are shown aboae while below the stiver leticulin stain 
accentuates the vessels bv blacktning then supportive framework (sec Fig 9) (x 425 reduced) 

last operation, three patients aie rtithout evidence of tumoi 8 12 and 30 
months aftei lemoval, t\^o weie not followed, and only one is kno\wi to ht 
well five yeais and two months aftei excision of a popliteal tumoi 

As in othei malignant tumors, the couise of the disease is sometimes 
fulminating, as shown by Case 2, the 65-)eai-old woman, who was dead eight 
w^eeks after she first noticed a growth in her breast, and sometimes exceed- 
ingly protracted, as exemplified by Case 16, wdio during the first 19 years of 
her life had had a persistently glowing tumor of the upper eyelid which 
constant!)^ lectured in spite of eight attempts to lemove it (Figs 10 and 5 B) 
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The vascular natme of these tumors can generally be appreciated when one 
approaches them, and they have a tendency to bleed either into themselves or 
externally if they penetrate through a body surface An example of the 
former condition is furnished by Case i, the 19-3- ear-old girl, with a tumor 
m the mammar} gland which contained a liter of blood in it (Fig i) This 
bleeding was associated not only with a seveie anemia but a purpura, wuth 
platelets avei aging only 51,000 An example of surface bleeding is furnished 
by the uterine tumor (Case 10) which bled -with increasing severity over a 
two-year period On the other hand, Case 18 gave no evidence of its vascular 
composition even w^hen excised, and only micioscopic examination revealed 
its true natuie It developed 111 the e)ebrow of a three-months-old boy, and 
was mistaken for a dermoid cyst 

Great vascularity and hemorrhages, while the} may suggest a tumor of 
blood vessels, are not in themselves sufficient to prove that a neoplasm is 
indeed a malignant tumor of vascular elements Both Molotkoff, (1933) 
and Ogilvie and MacKenzie (1936), have pointed out that chorio-epithehoma 
can be confused with blood vessel tumors and eveiy experienced pathologist 
will recall extremely vascular hemoirhagic malignant tumors of other types 
The diagnosis must, therefore, rest upon the histologic characteristics These 
display themselves in a variable fashion and lequire presentation in some 
detail 

There are two featuies of the growth of hemangio-endothehoma which 
are striking and uniformly present 111 all tiue tumors of this kind, although 
they are sometimes masked and lequiie diffeiential staining clearly to demon- 
strate them These are First the formation of atypical endothelial cells in 
greater numbers than aie iec[uired to line the ^essels with a simple endothelial 
membrane, and second the foimation of ’\ascular tubes with a delicate 
framewmrk of reticulin fibeis and a marked tendency for then lumens to 
anastomose No tumor should be considered a hemangio-endothehoma unless 
these criteria aie both piesent The variations found are due to the marked 
vai lability in the numbei, shape size and tinctorial peculiarities of the malig- 
nant endothelia They ma} be irregularly lounded or polygonal (Figs 2 A 
and B) 01 they ma} maintain an elongated shape (Figs 3 and _l) , the} 
ma} foim onh a single continuous layer (Figs 3B and C) or they ma} 
become heaped up and more or less fill the lumen (Fig 5 A) Usually the} 

1 eniam u ithin the vascular tubes but occasionally they grow' outside of it and 
form solid sheets of cells (Figs 4 A and B) Whatever their shape, the 
fumoi cells always diffei from the endothelial cells of simple benign angiomas 
and normal blood vessels although occasionally the blood vessels wdneh are 
formed in the process of oiganization of a thrombus may simulate their ap- 
pearance It IS usually easy to perceive that a tumor is composed of A'ascular 
tubes w'hich tend to anastomose and are lined by atypical endothelia When 
there is doubt about these things with ordinary stains the relationships can 
be clarified by the use of a silver leticulin stain This wnll cause the tubes 
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to stand out in shaip lelief because each one, even in the most malignant 
tumor, has a delicate fibi ous suppoi ting framework and the silver brings out 
a distinctive pattern (Figs 2, 3, 4 and 5) This pattern will be revealed with 
silver even when, with other stains, it is entirely obscured by an overgrowth 
of cells (Fig 4B) When ordinary stains make it impossible to decide 

A D 



Fig 3 — Case lo A (upper left) Heraangio endothelioma of uterus Infiltrative extension of 
ainstomosing blood vessels lined with bizarre elongated endotheha through the myometrium 

Case 6 B (lower left) Hemangio endothelioma of tibia Proliferation of anastomosing capil 
lanes lined with hyperchromatic endotheha m the marrow 

Case 3 C (right) Hemangio endothelioma of breast Complex formation of vascular channels 
lined with liypeichroni itic endotheha The Laidlaw silier leticulin stain shown below accentuates 
the \ascular pattern (x 525 reduced) 

whethei cells aie grouped inside or outside of a vessel wall, and so to detei- 
mme whethei one is dealing with endotheha or pericytes, silver staining of 
the vascular reticuhn sheath shows the exact relationship of the cells beyond 
peradventure (Fig 5 A) 

If one tries to group these tumors in order to give them descriptive sub- 
titles, one encounters almost insuperable difficulties, for the cellular appear- 
ance and make-up not only may vary in different parts of the same tumor 
but also in its lecuirent 01 metastatic manifestations Some features how- 
ever, deserve special emphasis 
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One variety of this tumor manifests a ceitain degree of constancy in its 
foim It seems to glow especially in infants, and there are two examples of 
it represented in the present series (Cases 17 and 18), both of w^hich closely 
resemble one another in every way These tumors diffei from all of the 
others in that they both maintain a uniform histologic appearance throughout 
(Fig 5 A) so that the illustration furnishes an accuiate picture They are 
composed of closely packed capiUaiies with heaped up endotheha and a 
tendency to anastomose so that they aie b\ definition hemangio-endothehomas, 
but growth although lapid, is orderly and neither has lecuired nor metasta- 
sized in the shoit space of time they have been followed Nevertheless, one 
must not assume that this special form ahvays pursues such a benign com se 
Tlie kindness of Dr Beryl Paige Pathologist of the Babies Hospital, has 
enabled the wnitei to leview the slides of the case of a female baby dying in 
its fifth month which ivas lepoited the late Di Martha Wollstem (1931) 
as a “malignant hemangioma of the lung noth multiple visceial foci ” In 
this case there w'ere many tumors in skin and viscera, the majoiity of which 
were exactly similar to the two tumors here repoited, while the rest were 
simple capillary or cavernous hemangiomas It is really impossible to decide 
ivhether these tumois aie multiple independent gio\vths, as seems probable, 
or whether some of them are metastases The question of metastasis of a 
simple hemangioma does not here anse for the growths are definitely 
hemangio-endotheliomas 

At tins point, it seems pertinent to debate the question of the so-called 
benign metastasizing hemangiomas The wmitei reread the published leports 
of some of these cases in an effort to deteimine \vhether 01 not he could 
agiee wnth the authors that the tumors w^ere simple hemangiomas and that 
they metastasized The cases of Langhans (1879) Borimann (1907), Shennan 
(1914)) Wright (1928), and Siirala and Naatanen (1940), all show^ atypical 
endotheha and veiy free vascular anastomoses, which bung them definitely 
into the class of hemangio-endothelioma The cases of Weiss (1911), 
Konjetzii)'^ (1912) and Ewmig (1928), are not illustrated with photomicro- 
giaphs so that the reader cannot judge for himself Stamm’s (1891) thesis 
was not available 

Kobnison and Castleman (1936) leported that the primal y tuinoi in their 
case \vas a simple hemangioma, wdiile the metastases were angiosarcomatous 
riieii illustiations support this contention It seemed important to review’^ 
tins case to determine wdiether or not the whole primal y tumor appeared like 
the illustration Dr Castleman was kind enough to permit me to examine 
the original microscopic preparations They show’’ that in the primar}’ 
growth there are some areas w^ith extremely f 1 ee-sprouting and anastomosis 
of capillaries which are lined wntli prominent daikl}* stained endotheha var}’’- 
ing in relatue size Thus this case also shows features wdnch lead me to 
c assi y it as hemangio-endothelioma and not simple benign hemangioma 
11 the piesent group of tumors. Case i, w^hich has been reported pre\ lousl} 
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with illustrations, by Hill and Stout (1942, Case 25), showed m the primary 
tumoi the formation of a meshwork of anastomosing capillaries lined with 
deeply stained swollen endotheha, which lesemble Robinson and Castleman’s 
tumoi and that of Boirmann, and are like Case 3 shown here in Figure 3 C 
Such formations do not occur in simple nonmahgnant hemangiomas The 
picture may be reproduced occasionally in the ver}^ rapid formation of capil- 



Fig 4 — Case 8 A (left) Hemangioendothelioma of erector spmae muscle Above, the vas 
cular pattern is partly obscured by the sheet like proliferation of elongated endotheha, but the iLaidlaw 
silver reticulm stain, below demonstrates its piesence 

Case 9 B (right) Heniaiigio endothelioma of calf muscles The eiidotheh i of this tumor form 
solid cords of cells coursing in various directions Laidlavv’s silver reticulm stain below, brings out 
the V iscnlai pattern (see Figs 6 and 7) (X 525 reduced) 

lanes which can take place in the oiganization of mtiavasculai thioinbi 
But heie the growth is strictty limited to the thiombus and nevei invades 
sill rounding tissues This comparison emphasizes the fact that in malignant 
vasculai tumors growth takes place by sprouting in the fashion characteristic 
of the formation of vessels in granulation tissue and not m the way blood 
vessels are developed in the primitive mesenchyme of the embryo 

Thus, the writer has not been able to find any case which, to him, offers 
incontrovertible proof of the existence of such an anomaly as a benign metasta- 
sizing hemangioma and he, tbeiefore doubts its existence 
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One tumoi (Case 9) in this series difteis fiom all the others because the 
whole tumoi is oiergrown with elongated cells geneially arranged in slendei 
cords which are usually solid but sometimes have a core of led blood cells 
In addition, capillaries lined with normal endothelia aie fiequent in some 
areas Laidlaw’s silver reticulm stain shows a vague tubular anangement of 
leticulin coi responding with the solid coids of cells (Fig 4B) Giossl} 
this tumoi was extiemely vasculai and hemoirhagic (Figyy) The moi- 
jihologic featuies of this tumoi alone w'ould hardh w^ariant its inclusion in 
the group of hemangio-endothehomas It seems propei to do so, how^evei, 
because explanation w viiio demonstiated that tbe tumoi cells bad the chai- 
acteristics of endothelia Details aie leported m a sepaiate communication 
(Mull ay and Stout, 1943) ^ 

In all of the tumors here desciibed, and in acceptable previously lepoited 
cases, the tumoi cells appear as variously illustrated in this paper Theie 
are a few' tumoi s of bone called angio-endotbeliomas wduch have cells of a 
different aspect These demand sepaiate discussion 

On page 362 of the 4th Edition of Ewung’s “Neoplastic Diseases” theie 
appeals an illustiation (Fig 133) labelled “Stuicture of angio-endothelioma 
of bone” It shows laige deal cells with small nuclei in alveolar aiiange- 
ment w'lth led blood cells in the lumens In tbe text reference is made to a 
numbei of the oldei surgeons and pathologists wdio desciibed similar bulky 
lesions in bones, which they considered primaiy vascular endotheliomas 
Ewing says that he has seen tliiee such cases, but in a final paragraph he 
uarns that such tumors may be confused w ith metatases from primary growths 
elsewhere Thomas (1942), in his paper dealing with vascular tumors of 
bone, has apparently been influenced by Ewung, foi he includes cases which 
he calls angio-endothehoma One of them is illustiated and is Bone Sarcoma 
Registi} Case 2156 It formed a bulky tumor m the humerus Death fol- 
low'ed SIX months aftei amputation, appaiently fiom heait disease, and there 
was no autopsy The photomiciograph shows a tumoi exactlv like that 
illustiated by Etving 

If these tumoi s aie tiuly hemangio-endothehomas they differ lustologicalh 
fiom any otheis in othei parts of the body, and must be a variety peculiar to 
bone They can be explained more easily as metastases The histologic 
structure desciibed and illustrated is exactly like hypernephroid caicinoma 
Red blood cells in the lumens of the tubules lined by the charactei istic clear 
cells IS not an uncommon finding in the pi unary kidney tumoi s Moieovei, 
a solitary metastasis to bone fiom an occult hypernephroid carcinoma is a 
well lecogm^ed phenomenon Foi these leasons it seems improper to accept 
such cases as hemangio-endothehomas 01, indeed, as vascular tumoi s at all 

C\SE REPORT'S 
BREAST 

Case I ] "Xi ^ wiutc female, age ig 

Shghth bluish lumps m the right breast of three months duration were tuated 
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for SIX months with estradiol benzoate without a^all When biopsj showed what w'as 
wrongly interpreted as a capillary hemangioma this was stopped and four months 
later quinine and urethane w'ere injected into the constanth enlarging breast Five 
months after biopsy the enormously enlarged, turgid, discolored breast was removed bj 
Dr D C Bull (Fig i) It weighed 1647 Gm and contained a liter of blood Two 
months later metastases began to appear, first m the abdominal Avail and later in 
the humerus, scapula and lungs Before mastectomy the platelets were low and now 



A B 

Fig 5 — Case 17 A (left) Hemangioendothelioma of scalp Abo\e are shown the aessels with 
rounded cells surrounding their lumens One can onlj be certain that all the encompassing cells are 
endotheha b\ using siher to outline the aascular framework, as shown below 

Case 16 B (right) Hemangio endothelioma of eaehd Abo\e, is shown the anastomosing 'as 
cular channels lined b' elongated h'perchromatic endotheha Some of these are encased b' thick 
collagenous sheaths as shown bj the siher stain below (see Fig 10) (x 525 reduced) 

they dropped to 51,000, and ecchjmoses appeared on the legs Three months after 
mastectomy she died, with symptoms of abdominal hemorrhage 

The breast was honeycombed with blood-filled cavities of all sizes, and these 
showed a proliferation of rounded and flattened malignant endotheha sometimes 
heaped up and sometimes in a single lajer, quite comparable to the tumor showm 
m Figure 2 A The primary growth showed freely anastomosing capillaries lined by 
swollen elongated endotheha, comparable to Figure 3 C (Hill and Stout Sarcoma 
of the Breast Case 25, illustrated) 

Case 2 — J M , white female, age 65 

A five-centimeter nodule lateral to the nipple in the right breast yvith a reddish- 
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purple hue to the elevated overlying skin and a suggestion of pigskin effect Radical 
mastectomy was performed two weeks after onset, and the firm, grayish-white mass 
was speckled ivith areas of hemorrhage and yellow foci There were no axillary 
metastases found Microscopically, the growth resembled Case i One month later 
there were recurrences m the scar and lung metastases Irradiation was without 
effect, and two months after onset the patient was dead (Case of Drs W C Seelye 
and J P Beck, Worcester, Mass Reported by Hill and Stout Sarcoma of the 
Breast, with illustration) 

Case 3 — A P , white female, age 68 

Pam m the right breast of two years’ duration and a lump which, after a blow 
some months before, became black and blue and began rapidly to increase in size It 
was said to be the size of an orange when simple mastectomy was performed One 
month after mastectomy there was a recurrence in the scar, from which blood was 
aspirated Three months after mastectomy there were metastases in both lungs and 
the right ischium Numerous skin metastases next appeared over opposite breast and 
forehead In spite of irradiation therapy with roentgen-ray and radium she died four 
months after operation The breast tumor, examined by Dr A O Severance, 
was 7x45x35 cm, and grossly suggested a hemorrhagic fat necrosis He cor- 
rectly diagnosed it as malignant hemangio-endothelioma It closely resembled the two 
preceding cases (Fig 3 C) (Case of Drs C S Venable, D Jackson, and A O 
Severance, San Antonio, Texas) 

LIVER 

Case 4 — Autopsy 11340 M B, colored male, age 54 

This syphilitic patient had been undei treatment for diabetes for a year Seven 
weeks before death he suffered from abdominal cramps, profuse diarrhea and bloody 
ascites He failed rapidly, and died without remission of symptoms At necropsy, the 
liver weighed 2740 Gm , and measured 29 x 13 x 23 cm It was filled with large 
hemorrhagic nodules and smaller hard yellowish-white ones Metastases were found 
in pancreas, kidneys, right suprarenal, spleen, diaphragm, lungs, peritoneum, omentum, 
abdominal skin and abdominal lymph nodes Microscopically, the tumor is composed 
of multiple anastomosing vascular tubes lined bv large bizarre endothelia which are 
heaped up in many places The multiplication of these cells is so great it obscures 
the tube formation in some areas but its presence is revealed by the silver reticulm 
stain The abdominal skin nodules were found around the punctures of the paracentesis 
needle and may represent tumor implants (From the Pathology Laboratory of the 
Presbyterian Hospital Dr J W Jobling, Director) 

Case 5— Path 12177 A C, male, age 52 

Symptoms began with a dragging pain in the right flank one yeai before death It 
gradually became worse, with radiation to epigastrium, loss of weight, darkening of 
skin, weakness, dizziness and dyspnea Except for a large liver, no definite findings 
were recorded Following cystoscopy, he developed acute uremia and died m a few days 
At necropsy, the hvei weighed 3020 Gm , and measured 31 x 19 x 10 cm It con- 
tained multiple large and small nodules of yellowish-red hue, found chiefly in the 
right lobe The largest was three centimeters in diameter kletastases were found 
in the heart and lungs The tumor is made up of vascular tubes outlined by reticulm 
1 ers, lined with large, swollen, elongated endothelia of bizarre appearance and variable 
size and shape, which are not heaped up (similar to Fig 3 A) (From the Pathology 
l-aborator\ of the Presbjterian Hospital Dr J W Jobling, Director) 

BONES 

Case 6 — D, female, age 6o± 

Pour months before operation pain began in the region of the left external malleolus 
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and was soon followed by swelling in the lower leg and ankle but not in the foot 
No history of trauma Roentgenograms showed evidence of a destructive central lesion 
in the lower ends of the tibia and fibula, with widening of the bones When the marrow 
cavities of the lower ends of the tibia and fibula were exposed they were filled with a 
very vascular tissue which looked like sponge rubber This was curetted out The 
wound was packed open because of oozing, with subsequent secondary closure and 




Fig 6 — Case 9 Hemangio endothelioma of flexor longus digitorum and flexor 
longus hallucis muscles in the left calf of a 28 year old colored male It was r i 5 cm 
larger than the right calf (see Figs 4B and 7) 

Fig 7 — Case 9 Section of the large tumor showing nian> hemorrhages, lasculai 
spaces and areas of degeneration (see Figs 4B and 6) 

good healing Three months after the operation roentgenograms showed what appeared 
to be an extension of the process in the tibia and fibula and similar areas of rare- 
faction in all the tarsal and metatarsal bones and a possible area of involvement 
m the great trochanter of the femur of the same side She was known to have been 
alive ten months after operation, but the final result is unknown The tumor is 
composed of great numbeis of small capillaries which anastomose freelv and are lined 
by prominent hvperchromatic endotheha These are all elongated and frequentlv fill 
and obliterate the lumen The stroma is often filled with red blood cells The boiir 
trabeculae show pressure atrophv (Fig 3 B) (Case of Dis H W Cave surgeon, 
and W Brandes, pathologist of the Roosevelt Hospital N Y ) 

Case 7 — Young female (2odr) 
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The history of this tumor is not available It is known to be primary in a rib 
It metastasized widely, and killed her in two or three years The case was studied 
bj- Dr H E MacI^Iahon, in the Laboratory of Pathology, Tufts College Medical 
School, who permits its inclusion in this group Dr Frederic Parker called the case 
to my attention Histologically, the tumor shows great variability, in some areas the 
vascular tubes are lined with elongated cells, elsewhere the cells are rounded and 
heaped-up, and, finally, overproduction of tumor cells in solid masses obscures the 
vascular tubes 

MUSCLES 

Case 8— J P, male, age 14 

Eight months before operation this boy fell, striking his side and back There 
w’as not much pain at the time but one week later dull aching in the interscapular 
region began It persisted and, finally, a deep mass was felt Roentgenograms \vere 
negative It w'as first explored by Dr W Darrach, and found to lie in the right 
erector spinae group of muscles, with its upper end at the level of the spine of T 6 
It W'as dark purple, rubbery, not encapsulated, and about five centimeters in diameter 
A biopsy show'ed that the tumor was malignant, and five days later the mass was 
excised w’lth the surrounding muscles, but some of it was left behind in the sixth right 
intercostal muscle In four months there were evidences of lung metastases and 
symptoms of paraplegia Death occurred seven months after operation This tumor 
IS composed of many vascular spaces outlined by reticulin fibers and lined with both 
rounded and elongated bizarre endotheha The vessels are often obscured by an 
overgrow'th of these elongated cells w'hich appear in solid sheets (Fig 4 A) 

Case 9 — M W , colored male, age 28 

The grow'th first appeared unexpectedly as a marble-sized lump in the left 
calf, three jears before operation It W'as stationary until nine months before when 
the calf began to sw'ell Four months before aspiration yielded only blood Examination 
showed a diffuse enlargement of the left calf w'hich measured 47 5 cm in circumference, 
while the right W'as only 36 cm (Fig 6) When a frozen-section showed a malignant 
tumor, amputation through the middle thud of the thigh W'as performed by Dr C D 
Haagensen Eight months later there was no evidence of return The tumor measured 
135 X 6 cm, W'as , exceedingly vascular, w'lth large spaces filled with black, 
viscid bloody fluid, and lay w'lth the flexor digitorum longus and flexor hallucis longus 
muscles, from w'hich it had apparently arisen and invade 1 the overlying soleus and 
peroneus brevis muscles (Fig 7) The microscopic picture in this tumor is obscured 
because of the great degiee of overgrow'th of elongated endotheha w'hich form apparently 
solid sheets and cords, w'lth spaces containing red blood cells scattered among them 
The Laidlaw silver reticulin stain outlines the A'ascular tubes (Fig 4 B) , and the diagnosis 
was made certain by the grow'th of endotheha from tumor explants in vxtio, by Dr 
Margaret Murraj Details will be given in a separate communication 

UTERUS 

Case 10 — ^ M S, married female, age 28 

TIurU-one months befoie operation she began to have gradually increasing 
meiiorrliagia Se\en months before she bled dailj for one month A curettage 
showed that most of the endometrium was replaced by capillaries, and it w'as supposed 
that slic had a hemangioma Bleeding continued, and a month later a second curettage 
showed peisistence of the \ascular tumor During all this time she suffered from attacks 
of cramping abdominal pain Just before operation the temperature w'as 100° F 
pulse 140 \aginal bleeding profuse and there was pain in the chest and cough \t 
operation the uterus was soft and enlarged to the size of a three months’ pregnanc\ 
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Hemorrhagic implants were found on the lower sigmoid and m the cul-de-sac of 
Douglas A supravaginal hysterectomy, right salpingo-oophorectomj^, appendicectomy, 
and biopsy of sigmoid was pertormed When the uterus was opened, a reddish, friable 
tumor mass was found m the endometrium of the fundus It penetrated the myometrium 
Several other similar, but smaller foci were found in the left cornu and on the 
posterior wall Nine months later, metastases were found in the left scapula and 
still later m both lungs, peritoneum and pelv ic bones She became too anemic to tolerate 
roentgenotherapy She died 14 months after operation This tumor throughout its 
course shows the same histologic picture It is composed of capillaries lined b\ 



Fig 8 — Cnse 11 Ilermngio endothelioma of pleun Metastasis in a hiHr Ijmpli node 
Capsule and marginal sinus at left anastomosing tumor aessels lined with bizarre endothelia 
at right 


swollen, elongated, hypei chromatic bizarre endothelia showing great aariation m 
size and frequent mitoses The cells are almost ahvaj s m a single layer and there 
IS little tendency to heap-up 01 intade outside the \essel w'all The tumor shows 
marked infiltrative tendencies (Fig 3 A.) (Ihis case was treated in Sloane Hos- 
pital, N Y by Dr B P Watson, Director, and is included wuth his permission) 


PLEURA 

Case II — T T, male, aged 61 

Eight months before death, pains began in left low'er chest, follow'ed bi night 
sweats, weakness and hemoptvsis Tw'o months before death, he entered the hospital 
and bloody fluid was repeatedlv removed from the left pleural cavity It w’as felt 
that he had a cancer of the lung After a progressive dow'iihill course he died at 
the Lincoln Hospital, and was autopsied by Major Chester R Browm, N Y w'ho 
permits me to include this case The entire left pleura both visceral and parietal, w’as 
markedly thickened by the hemorrhagic tumor Metastases W’ere found m the 
hilar Ivmph nodes (Fig 9) and the left lung, and the diaphragm w’as invaded In 
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addition, simple cavernous hemangiomas were found in the diaphragm This tumor 
consists, basically, of freely anastomosing vascular tubes lined by atypical endothelia 
which sometimes are rounded and heaped-up and sometimes flattened, forming a one 
layer membrane (Fig 8) 

ORBIT 

Case 12— I P , female, age 40 

She suffered for two years from swelling of the left upper eyelid, with proptosis 
and double vision during the last three months Roentgenograms showed an enlarge- 
ment of the left orbit At operation, by Dr G M Bruce, a firm mass extended along 
the roof on the nasal side, from the apex nearly to the anterior orbital margin Although 
adherent, it was excised, and measured two centimeters in length Following this she 
got a complete paralytic ptosis Eighteen months later an attempt to correct this by 
operation failed because of tumor recurrence A second attempt to excise this was 
made three years after the first operation This failed because the growth now 
infiltrated the medial rectus muscle and the optic nerve When last 'seen, six years 
after the first operation, the globe was fixed and immobile and the ptosis persisted 
The tumor appears the same m both manifestations It consists of freely anastomosing 
vascular channels occasionally lined by swollen rounded heaped-up endothelia but 
often obscured by an overgrowth of elongated endothelia (Case treated at the Institute 
of Ophthalmology, N Y, and included by pei mission of Dr J H Dunmngton, 
Clinical Director) 

SUBCUTANEOUS TISSUE AND SKIN 
Case 13 — W R, male, age 25 

For two years there had been a swelling in the right supraclavicular fossa, which 
slowly increased in size, without symptoms, unJil three months before operation, when 
pam radiated from it down to the wrist This disappeared m three weeks but tenderness 
remained When examined it was five centimeters m diameter At operation, the mass 
appeared like a dark red plum, and was very vascular It was excised with an adjacent 
1 } mph node When the nature of the growth was determined and direct invasion of 
the lymph node recorded, the lymph nodes of the right lower neck were removed 
No metastases were found Thirty-seven months after operation metastases appeared 
in both ischia, left pubis, L 2, L 4, sternum and 6th nb These were treated by 
irradiation, with some improvement, so that the man could continue his work Four 
^ears after operation there were lung metastases He finally died, five years and two 
months after operation There was no autopsy but biopsy of a nb confirmed the fact 
of metastasis The tumor is made up of freely anastomosing vascular tubes sometimes 
lined b}'- a single laj^er of prominent hyperchromatic, flattened endothelia but usually by 
lounded, swollen, heaped-up tumor cells of varying size (Fig 2 A) (Three months 
after the first operation the case was reported Dr J M Hanford) 

Case 14 H G , colored female, age 49 

She received a blow on the medial aspect of the left knee region two years before 
admission Tins was immediatelj followed by ecchymosis Tw'o months later 
attacks of throbbing pain began and lasted for 16 months, when swelling began, and 
all sjmptoms grew worse Examination show^ed a diffuse swelling of the posteromesial 
aspect of the left popliteal region There w'Cre extensive varicosities in this extremity 
The lesion was explored, and a large multilocular cystic cavity found containing from 
300 to 400 cc of old blood It was supposed to be a hematoma The blood was e\ acuated 
and the wound closed Later, it broke open again and drained foul-smelling bloodj 
inaterial, w’hile the pain and swelling increased Ten months later, at a second operation. 
Dr H Blakemore, a tumor eight centimeters m diameter was found It was 
sincutaneons shaiph circumscribed and involved the deep fascia It was excised 
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Sixty-seven months after excision there was no evidence of recurrence The tumor 
consisted of a spongy mass of intercommunicating cavities filled with blood A thick- 
walled vein entered the upper pole of the mass (Fig 9) Microscopically, this tumor 
shows numerous vascular tubes which often anastomose and are lined by heaped-up 
rounded endothelia In many areas the endothelia have multiplied to such an extent 
that the lumens are solidly filled, and onlv the silver reticulin stain demonstrates them 
by accentuating the fibrojs framewoik (Fig 2 B) 

Case 15 — Female, age 35 

Seven months before operation seveial nodules developed in the scalp above the 
right ear These were diagnosed as “cists,” and biopsj is said to have been taken but 
no report is available Soon after, swellings appeared in the right neck All were 
firm, circumscribed and somew’hat painful and tender A neck mass, midway between 
angle of jaw and clavicle, w'as explored It wms apparently encapsulated, 3 x 2 x 05 



Fig 0 — Case 14 Hemangio endothelioma of popliteal region Cross section of 
the tumor tissue its multiple cavities and the large vein which entered its upper 
pole shown at the right (see Fig 2B) 

cm , and lay deep to, but not attached to, a branch of the cervical plexus It was 
described as hemorrhagic The patient w'as not follow'ed The tumor is composed of 
the usual widely anastomosing vascular spaces lined bv rounded and polygonal cells, 
often heaped-up and sometimes forming papillary processes (Case from the Hospital 
of the University of Pennsylvania Reported bv permission of Drs Louis Kaplan, 
surgeon, and R H Horn, surgical pathologist) 

Case 16 — S K, female, age 17 

Ever since birth there had been a “hemangioma” of the lateral aspect of the 
right upper eyelid Prior to her first operation, at the Presbyterian Hospital, there 
had been six previous attempts at surgical removal, all of which failed At this time, the 
tumor measured 15 x 10 x 5 mm It was excised but promptly recurred (Fig 10) 
The Bth and 9th attempts were made, respectively, one year and 16 months after the 
7th attempt She was not followed after tins last operation, when she was 20 jears 
old Grossly, the tumor was composed of firm hemorrhagic tissue This tumor is made 
up m part of large, cavernous vascular spaces filled with blood and m part of a 
spongy meshwork of very freely anastomosing capillaries lined by swollen elongated 
endothelia frequently heaped-up m layeis The capillary sheaths arc sometimes greatly 
thickened and seemingly hyalmized (Fig s B) (From the Ophthalmological Service of 
the Presbyterian Hospital The late Di Tohn M Wheeler surgeon) 
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Case 17 — W W , female, age 3 months 

A red spot was present at birth in the skin of the right parietal region It was 
one centimeter in diameter and increasing rapidlj’- in size when it was excised It lay in 
the skin and did not seem to have any deep connections No recurrence after 30 
months The growth infiltrates the structures of the skin quite freely without destroying 
them It consists of numerous closely placed blood vessels lined with heaped-up rounded 
endothelia, the most internal layer of which tend to be elongated This makes it appear 
m ordinary stains as if the vessel is surrounded by pericytes Because of this the 
tumor at first was called a hemangiopericytoma (Stout and Murray, 1942, Case 3) 
The silver reticuhn stain shows that all of the cells are inside of the reticulin sheaths 
and are therefore, endothelia (Fig 5 A) (From the Nix Hospital, San Antonio, 
Texas Drs L J Ross, surgeon, and A O Severance, pathologist) 

Case 18 — D R , male, age 1 1 months 

When the child was three months old the mother noted a swelling over the inner 
angle of the left eyebrow Slow increase to 25 mm diameter It was subcutaneous, 
with normal overlying skin, and was mistaken for a dermoid cyst No recurrence one 
year after excision Microscopically the growth exactly resembles Case 17, except 
that it IS subcutaneous instead of intradermal Only a few of the vessels have visible 
lumens containing red blood cells, because multiplication of the endothelia has solidly 
filled them The silver reticuhn stain shows the true state of affairs (Case from 
Babies Hospital, Dr B Paige, pathologist) 

SUMMARY 

Hemangio-endothelioma is the most common type of the malignant vascu- 
lar tumors but, even so, it is a relatively rare neoplasm It has a wide distribu- 
tion in the various organs and tissues of the body, and may manifest itself 
at any age. although half of the cases occur in childhood 01 youth Growth 
may be rapid or slow, and is infiltrative in chaiacter When appi cached, the 
tumois are usually, but not always, obviously vascular with a tendency to 
bleed into themselves or from the surface Metastasis is common and is 
generally through the blood stream although occasionally it progresses also 
through the lymphatics 

The tumors are made up of congeries of vascular tubes which have a 
marked tendenej to anastomose and are lined with hyperchromatic atypical 
endothelial tuinoi cells These may be of any shape and size They may 
foim a single layei, be heaped-up 111 several layers, or even multiply to such 
a degree that the vascular tubes are completely obscuied. when oidinaiy 
stains are used, and can only surely be demonstrated by silver connective 
tissue impregnations The same tumor ma} show two or more of these 
laiiations in the primaiy growth and the metastases No tumor should be 
called a hemangio-endothelioma unless it fulfills these microscopic criteria 
and conversel) , if a tumor does show these characteristics it should be 
lecogmzed as a malignant or potentially malignant tumor Theie is no such 
anomalous entity as a benign metastasizing hemangioma Tw o other tumor 
foims especiall} ha\e been confused with this one nameh’ choiio-epithelioma 
and In pernephi oid carcinoma If the ci itei la all ead) gn en are strictly applied 
one should be able to aAoid this eiroi The hemangio-endothelioma of 
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infants apparently is better diflferentiated and probably less malignant, al- 
though It may kill by the multiplicity of its tumors, as occurred in Wollstein’s 
case The silver reticulm stain is of particular assistance in aiding one to 
distinguish hemangio-endothelioma from hemangiopericytoma, since endothelia 
aie found inside and pericytes altogethei outside the reticulm sheath of the 
vessels Demonstration that tumor cells behave m vit)o like endothelia 
provides further confirmatory evidence 



Fig 10 — Case i6 Hemangioendothelioma of the right ejehd in an 
:S year old girl It was present at birth, and seven pre\ious operations had 
failed to eradicate it (see Fig sB) 
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Venous hemangiomata of skeletal muscle are not common Jenkins 
and Delaney^ reviewed 256 cases m 1932 Oughterson and TennantJ m 
^ 939 ) that nearly cases have appealed Since that time seven othei 
cases, three by Sorenson,* and fom by Fulton and Sosman have been 
reported Several other titles of papers not available to the autlioi are 


listed in The Quarterly Cumulative Index 

The lesion occurs nearly twice as 
often in the leg as in the arm, and has a 
predilection foi larger muscles ^ It is 
now geneially conceded that the condition 
IS congenital but the reason for the delay 
of onset of symptoms is not known 
Trauma certainl} is a dubious cause, ap- 
pearing in only 17 per cent of cases ^ The 
onset of symptoms in 79 per cent of cases 
IS befoie the twentieth year, and in 94 per 
cent IS befoie the thirtieth year ’• 

The most frequent symptom was pain 
f 70 pel cent) , but in only a few cases was 
this of paioxysmal character Stout,''* m 
his analysis of 2080 tumors of skin and 
subcutaneous tissues found [ 20 instances 
(one pel cent) in cchich paroxysmal pain 
was piesent — glomus tumors (angiomy- 
oneuromata) nine, leiomyomata, nine, 
hemangiomata, two fibroma, keloid se- 
liaceoiis cyst dermoid and neuiofibioma, 
one each 

Defoi mity and iinpan ment of function 



occuircd in 50 of Jenkins and Delaneys 
cases (2^ pel cent) A case similar 


I'lG 1 — Showing flcMoii of knee plan 
tnr flcMon contrTcture it ankle, ind ‘tiji 
toe” deformity 


to the one described hereA\ith was lepoited b} Josefsson'* in 1928 


Case Report— V U H No 107121 C N, white, male, age 16, was admitted 
to the hospital !Mai 10, 1940 He had noted two tears preiiousl}, without preiioiis 
Iraunia, a shghth tender area on the posterior lateral surface of the right knee 
Tenderness persisted and increased in seicntj For the past jear he had experienced 
pain in the region which in the beginning, was paroxismal in character He Ind 
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noted nothing which would cause onset of pain There was at no time evidence of 
inflammation oi a palpable mass During the past six months the pain had increased 
m severity and seemed to be made worse by standing For the past three months 
It had been of such severity that he walked on the toe of his foot and used a “cane” 
In the past two months ambulation had become almost impossible, and he stated that h( 
kept the leg flexed at the knee to alleviate the pain 

Physical examination revealed no abnormalities except of the right lower ex- 
tremity The patient lay in the bed with the right knee flexed He was extremely 
apprehensive when the leg was approached, lesisted all efforts to straighten it out, and 
cried out with pain frequently Iheie w'as a plantar flexion contracture at the ankle, 
and Figure i shows the “tip-toe” deformity Ihe right calf was three centimeters 
smaller than the left, but otheiwise the extiemitics w-erc symmetrical 

There was an area of exciuciating tenderness over a three-ccntimeter aiea just 



Fig 2 — SlioiMng infiltntion of muscle by thick walled vessels, capillary and cavernous endo 
thelial lined spaces, some containing blood, and some fibrosis 


behind and medial to the head of the fibula This corresponded to the area of his 
pain No palpable mass was present Reflexes w'ere normal and no sensory abnor- 
malities, consistent wnth peripheral or central nervous system disease, were revealed 
Skin temperatuies of the two extremities w'ere normal Laboratory studies were not 
significant, and roentgenograms showed no abnormalities 

A diagnosis of glomus tumor was made and May 15, 1940, operation was per- 
formed by Dr Barney Brooks Under local anesthesia, an incision was made througl 
skin, subcutaneous tissue and fascia over the point of maximum tenderness Pressure 
on the lateral head of the gastrocnemius caused severe pain On inspection of the deepest 
surface of the muscle, there was found an area, approximately 2x3 centimeters, having 
the appearance of cavernous hemangioma m which were flecks of yellowish tissue 
No connection with the peroneal or posterior tibial nerves or vessels could be demon- 
strated All the abnormal tissue was excised, after the administration of a general 
anesthetic 

After operation, traction was applied to the leg, and the foot w’as kept at right 
angles to the leg for six days He began walking on the seventh day, wuth still 
considerable flexion deformity of the knee and wuth pain in the region of the wound 
He was discharged on the ninth postoperative day, at which time he still experienced 
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pain exactly as before operation He was examined two years and ten months after 
operation, at which time the only abnormality present was the defect in the medial 
aspect of the lateral head of the gastrocnemius muscle The patient had not experienced 
any pain since discharge from the hospital The flexion deformity of the knee gradually 
had disappeared during a period of three to four months 

Pathologic Repoit -—Gioss The specimen consists of a mass of skeletal muscle, 
2x2x05 centimeters At one end, and in the midportion, several bluish areas are 
present having the appearance of dilated blood vessels No definite capsule is present 
Mia oscopically, sections show invasion of muscle by numerous blood vessels, varying 
m size from capillaries to fairly large arteries and veins There is considerable smooth 
muscle between the vessels and in some areas epitheleoid cells are present about the 
vessels The striated muscle reveals considerable degeneration There is a pacinian corpuscle 
near tiic area of invasion Pathologic Diagnosis Glomus tumor 



t ie 3 — Showitiff cavernous and capillary hemangiomatous infiltration, \\ ith an 
area of fattj infiltration 


DISCUSSION 

This case was deemed of interest since only three instances of glomus tumoi 
m deep structures, away from the ends of the extiemities, appear 111 the 
literature,*’®’® and only one® is this country However, on review of the 
published leports of these cases there was considerable doubt m the 
author’s mind as to the conectness of the diagnosis Murray and Stout, 
m 1942, have identified the epitheleoid cell of the glomus tumor as the peri- 
cyte of Zimmermann Stout has investigated the tube) cithmi doloi osev^’ 
extensively and is ceitainly an authority on them The sections from this 
case weie sent to Doctoi Stout, who very kindly examined them, and expressed 
the opinion that this was a case of venous hemangioma^^ because the peri- 
cytes (if an} ) do not regularly surround all vessels He also rejected the 
diagnosis of hemangioperic} toma, recently described by Stout and Murray 
As noted above, hemangiomata are a rare cause of paroxysmal pain, such 
as occuired in this case, being found in onh 001 per cent of 20S1 cases® 
( tn e per cent of 40 cases m which piesence of pain was specified) of cutaneous 
and subcutaneous tubercles Stout® was unable to attribute the pain ex- 
perienced m his cases to ain one plnsical abnormality The fact that our 
case continued to ha\e pain for a peiiod of two w’eeks after extirpation 
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of the tumor, ib suggestive that, heic, a neivous mechanism was the cause 
of pain and painful iinpiessions continued to be transmitted during the 
healing period This is apparently the fourteenth case of a typical pes eqmnui, 
deformity due to hemangioma of the calf muscles^® and this lesion, although 
rare, should be taken into consideration in determining the cause of this 
deformity A correct preoperative diagnosis has been made in only i 8 per 
cent of reported cases of angioma of skeletal muscle The presence of a 
palpable mass and roentgenologic evidence of phlebohths are the only ob- 
jective manifestations of this lesion 

Since these lesions produce a great amount of disability, which is almost 
certainly relieved by excision, correct diagnosis and treatment is very 
important summary 

1 A case of venous hemangioma of the gastrocnemious muscle is 
presented 

2 The “tip-toe” deformity exhibited by this patient has been reported 
in thirteen other identical cases 

3 The paroxysmal pain which is characteristic of glomus tumors and some 
leiomyomata may also occur m hemangiomata, and less frequently in 
other tumors 

4 Dramatic relief from maiked disablement is possible by extirpation 
of these tumors 
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j — jTs USE IN THE DIFFERENTIAL DIAGNOSIS OF THE 
PERIPHERAL VENOUS CIRCULATION 
II — A SIMPLIFIED TECHNIC 

Jerome Mark, M D f 

Detroit, Mich 

The ELUCIDATION of many of the problems m the study of the venous 
return m legs which present varicosities, massive edema, and ulceration 
has been made by certain excellent clinical tests The observations of Tren- 
delenberg, Pertbes, and Homans have done much to clarify these situations 
In spite of painstaking study, however, it is not possible, m all cases 
to determine the status of the venous cii dilation with certainty by clinical 
methods alone In lUany cases seveial logical possibilities present them- 
selves It has been possible m oui clinic to demonstrate the exact status 
of the venous return by venography 

J C Dos Santos^ has described an excellent method for the roentgenologic 
study of the veins of the lowei leg This method was modified by Bauer 
and utilized bv others,"’ ^ foi the study of postoperative deep venous 
tin oinbosis 

The technic is quite simple The heel is elevated on a six-centimetei 
block and rests on its mesial suiface Under local anesthesia a two- 
centnnetei incision is made about one centimetei behind the external 
malleolus The lesser saphenous vein is isolated heie It drains into the 
deep venous system The distal portion is tied with fine silk, and 
a small cannula is inserted into the proximal portion Twenty cubic centi- 
metei s of a 35 pei cent diadrast solution (Winthropt) in injected The 
injection late is uniform and takes about 6o seconds The roentgenogram 
IS taken during the injection of the last few cubic centimeters By using 
a 14 X 17 film in its longest dimensions, and placing the lowei end eight to 
ten centimeters above the ankle it is possible to visualize the deep venous 
cii dilation of the calf and a good portion of the femoral vein The 
cannula is leinoved and the vein tied The skin is closed wuth silk after 
lavage of the tissues with saline to remove any residual diodrast, which is 
quite nutating to the tissues 

^^'e have found it possible, in most cases, to modify this technic b} 
diiect lenopuncture into a superficial vein on the lateral side of the ankle 
\\ ith a tourniquet aiound the ankle, a No 21—22-gauge needle is inserted 
into the most prominent vein on the antei olateral surface of the ankle 
1 he tourniquet is then released and the remaindei of the procedure is 
completed as dcsciibed Th is obviates the necessitj of incision in most 

Prize Essa\, North End Clinic Detroit, Michigan, Tuh, 1942 
t I-ieutenant, MC att 3Qth Eiacuation Hospital, Camp \tterbur\ Iiidnni 
4 Kindli siippiicfj b\ the Wintbrop Ciieniica! Co lor this probkni 
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cases We have also found that better visualization of the deep venous 
tiee IS secured by an exaggerated Trendelenberg position The application 
of a tourniquet below the groin prevents loss of the dye before the picture 


IS taken and causes moie complete 



filling of the deep system This has 
revealed complete filling of the calf 
veins m a case (Case 3) which ap- 
peared to show deep calf thrombosis 
by the usual technic ^Ve have had 
no reactions with the diadrast and 
no evidence of thrombosis following 
Its use 

The following cases present a few 
of the problems which w’e felt haAe 
been clarified by the use of venog- 
raphy 

ILLUSTRATIVE CASE REPORTS 



Case 1 — D K is a patient with vari- 
cose veins but no leg swelling or clinical 
evidence of impairment of the deep venous 
circulation A venogram was taken b\ 
emplojing the usual technic to demonstrate 
the intact deep venous system This 
shows complete filling of the venous tree 
(Fig I) 

Case 2 — ^J F IS a 50-year-old male 
with a chief complaint of painful left leg 
The patient had had varicose veins for at 
least 12 years These were treated bv 
ligation, with a series of circular incisions 
in the middle and upper right leg and 
lower thigh m 1931 The legs containued 
to swell and became worse after a series 
of SIX injections They became very pain- 
ful Examination reveals reddish-brown 
induration m lower half of right leg and 
ankle Prominent varicose veins present 
on medial aspect of lower thigh extending to calf Questionable positive Trendelenberg 
test obtained m right leg During the course of treatment Unna boots were applied 
The patient had recurrent attacks of superficial phlebitis Ace bandages made the 
extremities more painful 

A venogram wss made which showed only a short segment of the deep system 
communicating with a large dilated superficial varicose vein carrying the entire 
venous return of the extremitj’’ (Fig 2) 


Fig I — A normal deep venous tree in a 
patient with \ancose veins (A) Popliteal vein 
(B) Anterior tibial vein (C) Posterior tibial 
\ein 


CoMMCNti This case presented a pioblem in diagnosis because of the 
piesence of a laige varicose vein which was thought to play a idle in 
this patient’s symptomatology It was even suggested that ligation of this 
vessel should be done before the picture was seen The roentgenogram 
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however, showed, quite convincingly, a condition which necessitated the com- 
plete function of these “compensatory superficial varicosities ” All occlusive 
methods of therapy ivere then abandoned with moderate relief of symptoms 

Case 3 — F D This i8-year-old girl noticed left calf hypertrophy for one year 
No other complaints Past history was noncontributory No historj of trauma, 
phlebitis, or diphtheria Examimtion reveals marked enlargement of the entire left 


lb 


\ 




c 


S- 
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lA'i 1 Obstruction of tlie deep \enous sjstem with coiTipeiisator\ \arcosities 

cTtnr superfienl vancositj , the onl> venous return from the leg (B) Communi 

tile small remaining segment of posterior tibial vein 


eg witi pronounced calf hypertrophy and varicosities No tap impulse in the thigh 
uestionable fibrous mass in the calf A roentgenogram of the leg shoved thickening 
1 1 C so t tissues A venogram showed complete absence of the deep venous st stem 
an numerous prominent superficial vessels ending m teat-like projections A veno- 

opposite leg to rule out any bilateral congenital venous abnor- 
ma it\ his normal A diagnosis of deep thrombosis with compensatorv vari- 
cnsi ICS was made A biopsy was advised to rule out angioma 

CoMMLXT Seveial months latei anothei check-up venogram was done 
f^u tiis leg because of the seteial suspicious teat-hke projections of the 
‘^upencial vessels At this time a tommquet was applied below the groin 
Bn a pictuie taken in Trendelenberg position This i oentgenogram re- 
^ca e complete filling of the deep \enous sistem There were several marble- 
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sue venous oulpocketings in the deep vessels dl)Ove the knee with numeious 
intercommunications , a picture which \\ e have not seen before Exploration 
was suggested but has not been done (Fig 3) 

Case 4 — A W, a 48-year-old female, had a “milk leg” 16 jears ago This was 
followed by varicosities A high saphenous ligation W'as performed, with relief of 
discomfort There was then a recurrent right internal saphenous vein from the 
midthigh and many new' varicosities in the lower right leg associated with marked 
edema A midthigh ligation was done, with retrograde injection of sodium morrhuate 
This W'as immediately follow'ed by marked leg edema and pain The status of the 
deep circulation then came up for discussion, since swelling and leg pain followed so 
promptly after superficial venous obliteration An attempt was made to obtain a 
venogram by the incision technic ot Bauer, but all the \essels w'ere scarred, and 
no bleeding w'as obtained V superficial lateral ankle vein w'as then injected bj direct 
venopuncture and an excellent rcnogram obtained This showed a perfectlj normal 
intact deep venous si stem 

CoMMLNf This patient had massive Ijmphedema In this case, con- 
tiaiy to Case 2, we advised continuation of iontophoresis and suppoitive 
Ace bandage ivith model ate lelief 

Case 5 — H L , a 52-vear-old man with a complaint of left leg pain on arising 
and heavy feeling 111 the leg History of a deep penetrating injury of lower right thigh 
followed b\ swelling for some time Recent Bell’s palsj Exatiimatwii re\eals chronic 
edema of both legs, w'lth desquamating pigmentation and varicose veins of the left calf 
Normal aiterial pulsations Ace bandages w'ere advised for the \aricose ^elns The 
patient could not wear these because of increased calf pain This suggested the posslblht^ 
of deep venous occlusion A venogram show'ed a normal deep \enous s\stem and moderate 
arteriosclerosis 

Comment Appaiently, oui vaiicose vein pictuie plus arteriosclerosis 
was justified Pam aftei the Ace bandage was not due to deep venous 
block but probably to ischemia on the aiterial side Obliteration of the super- 
ficial varicosities was justified In a case of this kind complicated by seveial 
factors, it ceitainly w'ould he injudicious to obliterate the varices without 
absolute knowledge of the status of the deep venous system 

Case 6 — G H , a 67-year-old man complained of rheumatism of the right hip 
History of a gunshot wound of the right antecubital fossa, with operative repair 2=, 
years ago He now has a local tumor, dizziness and tinnitus Ermmnalwn reveals 
an arteriovenous aneurj sm ovei anterior portion of right antecubital fossa with moderate 
enlargement of the arm B P 174/0 right arm, 174/104 left arm Moderate 
cardiac hypertrophy An arteriogram was taken bv direct injection of 20 cc of 
diodrast into the brachial artery proximal to the aneur>sm This showed multiple 
arteriovenous communications over an area, four by six centimeters m length in the 
antecubital space 

Comment This case showed hypertension and caidiac hypeitiophy fol- 
lowing an arteiiovenous aneuiysm Resection was decided against because 
of the age of the patient With the arteriogram it is possible to visuali/e 
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the extent numbei and location of the ailenovenous communications in case 
opeiatne pioceduie is leasiblc 

Case 7— M L, a 44-jeai-old white male, with reciuient migrating phlebitis for 
more than 12 >cais The patient had had a saphenous vein ligation Foi two or three 
months there was persistent pain and coldness of the right foot and marked intermittent 
claudication E\ammalw}\ leicals a cold, blue light foot, with painful toes Absent 
dorsalis pedis and postcrioi tibial pulsations Dilatation of the calf veins and positive 
tap test in the thigh Negatue Perthes’ \ diagnosis of Buergci’s disease and varicose 
\eins was made The deep svstcin was thought to be intact \ \cnograni was done 



3 •— Venognm of n cast, uith left calf Inpcrtroplu (A) Deep tenons ststeni (B) Bulbous 
(liiit ition of \em (C) Multiple intcrcommuuic'itions \\\X\\ !)ulI)ous Acnous clvlatition 


to visualize the venous changes in Buerger’s disease This show’ed w'ldely dilated 
posterior tibial and deep femoral veins with marked irregularity of intima There 
were filling defects of the lumen where thrombi were adherent 

Comment This is the only picture eve have seen of the marked changes 
taking place in the deep venous tiee m a patient with obvious Buerger s 
disease (Fig 4) 

Case 8 P C, a SS'year-old female, with extensive earicose veins for many years, 
most extensive in the right leg There was a prominent right long internal saphenous 
vein These w'ere not controlled by a tourniquet at the saphenofemoral juncture and a 
tourniquet applied to large veins above and below the knee 

Comment A venogram demonstiated font communicating branches 
fiom the superficial varicosities of the calf to the deep system Clinically, 
these are incompetent Therefoie, the only cure for this patient is a flap 
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operation to secure each perforatoi A high vein ligation and a division 
of one low branch would result in failuie (Fig 5) 

Case 9 — C , a 58-year-old white man, developed a postoperative phlebitis 
following prostatectomy eight months ago The patient remained in bed for six 
weeks, with marked swelling of the leg He could walk for only five minutes before 
treatment He was improved greatly with Ace bandage and iontophoresis 



Tic 4 — Venogram of a patient with Buerger’s disease (A) Femoral 
vein with multiple filling defects, the site of thrombi (B) “Splintering ’ of 
intima in posterior tibial vein with thrombi 

Comment A venogram showed many collateral superficial vessels and 
absence of the deep venous system of the calf This pictuie is characteristic 
of the great majoiity of postoperative phlebites m the location of the venous 
obstruction (Fig 6 and Discussion) 

We have studied a number of additional cases b}'^ venography in which 
there was real doubt as to the nature of the deep venous system In these 
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cases venography demonstiated that the deep venous channels were intact 
and It was possible to proceed with definitive therapy to cure the symptoms 
and disability caused by the varicosities present 

Discussion — The common postoperative and postpartum disorders of 
Aenous thiombosis vere thought to be due to deep femoral or penpelvic 
thiomboses Homans.''’ m 19-^7 pointed out that the popliteal region and 
upper calf were piobabh fiequent sites of thrombophlebitis Roessle,® in 
19^7, found deep calf lein thiomboses 111 88 of 324 autopsy cases where 
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J If' 5 — Lxtensire \aricosc \eins rMth multiple incompetent 
coiimiunic'itors cluucalh (ABC D) All point to perforitmg 
linnclies between superficnl nnd deep \cnous sj stems 

thorough dissections w'^ere done Thnty-eight had, in addition, thiomboses 
in the femoral vein Ten had massive pulmonaiy emboli arising from the 
femoral vein, but, in addition, there w'as thiombosis of the calf vein in 
these cases Neuman," 1938, has similar figures from postmortem material 
Calf thrombosis occurred in 73 per cent and calf thrombosis with femoral 
thrombosis m 16 per cent Most conspicuously, how^ever, tJiete is no case of 
fcmoial vein thi omhons zoitli wiaff ected calves Frykholm,® in 1939, with 
careful dissection of 133 cases of venous thrombosis, found 85 per cent 
occurring distal to the profunda m the femoral vein and primarily in the 
branches below the knee Eauer,“ m 1940, has confirmed this data in the 
living subject by venography He has an excellent study of venograms taken 
to diagnose early postoperative calf thiomboses and older healed processes 
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In our clinic, an attempt has been made to clarify many of the obscure 
cases of chronic leg swelling and leg pain in which the status of the venous 
and lymphatic circulation cannot readily be determined by the usual clinical 
tests It was possible to demonstrate a normal deep venous return in the 
calf of the great majority of chionic leg swellings with or without pain 
Chronic lymphedema was thought to play a dominant idle m the pathogenesis 
of this condition It is possible that chionic sepsis may play an important 
idle 111 these cases This idea was first suggested by Halsted® to explain 
chronic swelling of the arm following i adical mastectomy The use of chemo- 



Tig 6 — Postoperatne deep ctK thrombosis (A) ShoN\s the 
termination of the popliteal vein Xo deep venous s\steni is \is i 
11 ilized in the calf 


therapeutic duigs of the sulphonamide senes may be helpful to stop the 
inflammatory process We aie feating some of these cases of ehronic 
leg swelling and pam without venous obstruction -with these diugs The 
results will be described m a latei leport 

It is necessary to be absolutely assuied of the deep ciiculation in those 
cases of leg swelling and pain with marked varicosities where the treatment 
of choice involves sclerosis of the varicosities and high saphenous vein 
ligation Case 2 is such an instance, where obliteration of the compensatorv 
varicosities would remove the only remaining venous return in the leg 
It IS also possible bv the use of this technic to study those not infrequent 
cases of unilateial calf hypei trophy for circulatoiv distiiiliances as in Case 3 
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In diteiioveiioub tmein}sni!,, A\heie suigei}^ is LOiiteinplated, it is of more 
than academic interest to visuah/e the extent and situation of the arterio- 
^enous anastomoses, a visuali/ation uhich is not alua}s simple oi safe at the 
lime of opeiation It is possible to deteimme the niimbei of communications, 
since in some cases multiple openings aie piesent 

CONCLUSIONS 

(1) A simplified technic foi \cnogiaph3’’ is dcsciibed 

(2) Its utili7ation in a numbei of peiplexmg cases of leg swelling 
and pain uith 01 uithout vaiicosities has been described 

(3) An inteiesting loentgenogiam of tbc deep ^enous tiee 111 Bueigei’s 
disease is shown 

Appreciation is extended to Dr S Rosuizwcig, Di '\. Bloom, and the other niem- 
hcis of the Cardio\asciilai Clinic of tlic Noith End Clinic foi then helpful cooperation 
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A SUBCLAVIAN ANEURYSM CURED BY 
CELLOPHANE FIBROSIS 

Paul W Harrison, M D , and Jacob Chandy, M B , B S 

Bahbaik, Akabia 

Three years ago, Pearse^ lepoited to the American Suigical Association 
that he had been successful in producing a gradual occlusion of the aorta 
in dogs Wrapping the vessel with ordinar)^ DuPont cellophane had led to 
a fibrosis which had eventually closed it off by its contraction The ability 
of cellophane to pioduce this type of tissue reaction was used by Page- 
in the production of perinephritis with persistent hypertension We ourselves 
have had occasion to study this fibrosis m experimental work on herniae 
Since the above report was made, we have had the opportunity to tr}”^ out 
the method in two human cases One of these attempts was successful, 
as indicated by the title of this paper, while the other eventuated in ligation 
of the involved artery with an unsatisfactory result 

Case I — On July 7, 1941, Hussein bin Mohammed, a weather-beaten, old pearl 
diver, age 70, or more, reported to the Mason Memorial Hospital complaining of verj 
severe pain in his left shoulder It was not entirely clear just when this pain started 
but apparently it had excited his attention for less than six months Its intensity 
had greatly increased during the few preceding weeks 

Physical Evammatton — The patient was a thin, hardy old man, in good general 
condition The pain which was distressing him arose from a pulsating mass the size 
of a hickory nut, which appeared to be connected with the third portion of the left 
subclavian artery There was a loud bruit and usually a palpable thrill The pain 
radiated up into the neck and to some degree to the shoulder and upper arm The 
mass itself was not tender The systolic blood pressure m the left arm varied, 
but a reading of 130/70 was usually obtained Roentgenologic examination of the 
shoulder area was negative The Kahn test was negative Chntcal Diagnosis Aneurysm 
of the third portion of the subclavian artery Although it was realized that ligation 
of the subclavian can usually be carried out without gangrene of the extremity, it 
was decided to try the effect of cellophane fibrosis on this case 

Opciatioii — ^July 8, 1941 Under local anesthesia, with one per cent novocain solu- 
tion with adrenalin, the mass was exposed by a three-inch incision below the clavicle 
The intervening muscles were cut m the line of the incision Adequate exposure 
was easily obtained The aneurysm presented itself as a fusiform swelling in the 
course of the artery, about 2 5 cm in length and i 5 cm in diameter Two small 
arteries coming off the dilated portion were doubly ligated and cut The aneurysm 
was careully exposed and slightly more than one centimeter of normal artery 
both proximally and distally (Fig i) 

Cellophane tape, one centimeter in width, was boiled and ready for use We 
found that boiling is not the best way to sterilize the tape, because it was rendered 
so bodiless and fragile that it was almost impossible to lay it in place accurately A five- 
layer band was applied proximally, and fastened with a single suture on the anterior 
surface A less satisfactory application was made distally, after which the muscles 
were brought together as accurately as possible, and the skin was sutured 

The operative wound healed without incident He developed an attack of malaria 
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in the hospital \\hich ^\as ticated witli quinine His pain was unrelieved by operation 
He had been told in advanee that this w ould be the case, but he was much disappointed 
He ^\•as discharged on tlie scienteenth postoperative day, after he had promised to 
return for inspection eierj month 

Subsequent CouiSL—ln spite of his pioniise, the patient did not return for follow-up 
visits In j\Iay of the next ^ear, we posted a rewaid of five rupees for his discovery, 
and found him liMiig onh fi\c miles away He was now' delighted w'lth the result 
of the operation, for the pain was almost gone and he w'as planning to return to his 
work as a pearl dnei For our part, wc were much disappointed, for the aneurysm 
was no smaller Indeed it seemed definitch larger, although this may ha\e been due 
to atropln of the o\erl\ing muscles which hi ought it closer to the examining finger 
Moreo^er, its pulsatile thrust seemed as strong as e\er Bctw'een the aneurysm and the 
entering arter\ was a sharp groo\e which, at this point, reduced the diameter of the 
artery b\ at least one-half This groo\e was astonishingly narrow, and w'e w'ondered if it 
would ha^e been bettei to use a wider tape (Fig i C) 

The patient’s general condition was good He had impro\ed somew'hat w'lth the 
disappearance of the pain We hoped, but b\ no means felt sure, that there would be 
no further enlaigement of the aneur\sm In anj case, the fibiosis has piogressed en- 
couragingh It seemed that with a little fiirthei contraction, the aneurysm must begin 
to shrink in size 

On October 28, 1942, fine months latci, the patient was obser\ed again He had not 
returned to his pearl dnmg because of age and general pains, but apparently it was not 
the aneurysm that kept him home We were delighted to find that the aneurysm had 
shrunk until its diameter was about the same as that of the artery The examining 
finger following the subclaMan arter\ now felt onh two sharp grooves, separated 
by one and one-half centimeters It was interesting to note that the pulsatile thrust 
of this small remnant of the aneuijsm was not notably less than that of the artery 
proximal to it The s%stohc blood pressure was more stable now' It was maintained 
on the left side at a lc\el about ten points higher than that on the right (left, 130/70, 
right, 120/80 

On Februarj 8, 1943, the patient was looked up again It w'as expected that the 
aneur3smal sac would be completeh obliterated bj' this time, and this hope w'as not 
disappointed The subclavian arter\' A\as interrupted by a deep groove, filled w'lth a 
fibrous mass (Fig i E) The size of the mass w'as difficult to determine, it w'as per- 
haps slight!} more than half a centimeter m length The pulse on the left side w'as 
perceptibly delayed as compared w'lth the nglit The blood piessure on the left was 136/96 
on the right 120/72 There w'as no pain m the shoulder area, and cure appeared to 
be complete 


Case 2 ^Jebber Muselhm, a pearl broker, age about 70, came to the Mason 
Memorial Hospital, March 22, 1942, complaining of severe pain in the left shoulder 
The history w'as very similar to that of the first case The pain had increased so 
much during the preceding 48 hours that he w'as rather desperate and insisted that 
something be done at once 

Physieal Exammatton — The patient, a tall, thin man, in good geneial condition, 
except for the presence of bronchitis Below the lateral portion of the left clavicle was 
a pulsatile mass, apparently a little smaller than that in Case i There w'as a loud 
bruit and palpable thrill 

The patient s pain w'as so severe that w'C urged him to come in at once for 
treatment We explained that we greatly feared rupture and would suggest immediate 
operation The patient refused this, and decided to try Arab medicine, and, sick as 
e was, he w'ent home, w'here the region of his pain was branded with a red hot iron 
m a num er of places One vertical brand half an inch wide and nearly two inches long, 
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was placed exactly over the pulsating swelling These brands relieved the pain a 
little and he remained away Irom us for 48 hours At the end of this time, he 
appeared and begged for the operation He had been given sulfapyridine tablets to 
use at home, and his bronchitis was better However, his temperature ranged from 100" 
to 101° F The systolic blood pressure in both arms was 136 The Kahn reaction 
was negative 

Operation — March 24, 1942 The exposure of the aneurysm was similar to that 
of Case I However, the skin incision was complicated by the presence of the branded 
areas These areas had been cleaned with great caie, and touched with carbolic acid 
The incision missed all of them except the vertical brand over the swelling itself In 
spite of these procedures, wound infection, which almost cost the patient his life, 
ensued The futility of tiying to sterilize the necrotic skin was obvious 

The aneurysm was found to be about i 5 cm m diameter Distally, two branches 
of equal size left the swelling Cellophane tape was wrapped about the artery proximal 
to the enlargement, and around each of the large distal branches This time, the 
cellophane had been sterilized by a two-day immersion in alcohol instead of boiling 
and It was easily handled 



I IG I — Diagrnmmatic repiesentatioii of 
changes in aneurism in Case i A Pre 
operatue impression B Immediately post 
operative cellophane applied C Condition 
at time of first follow up examination 
Ma\ 1942 D Marked shrinkage of aneu 
r)sm noted Oct 28 1942 E Last obser 

ration Feb 8, 1943 


On the fourth postoperative day it was realized that infection had set in On the 
sixth day the incision was reopened, with the escape of an ounce of pus The infection 
seemed to be clearing up until, at midnight on the eleventh day there was a profuse 
hemorrhage from the wound The patient was found in a pool of blood, the bleeding 
having stopped for the moment He was taken to the operating room and the 
wound was explored There was found a teai of one of the ligated distal branches 
The opening was plugged by a friable clot, which came away when touched, causing 
alarming hemorrhage again This was checked by lifting the artery by means of its 
cellophane collar and temporarily occluding the lumen It was out of the question 
to deal with this situation by means of cellophane tapes, so a triple ligation was 
earned out The wound was then closed about a small dram 

The patient was given saline and glucose infusions His left arm was kept encased 
in cotton wool For the first 24 hours the arm was cold, and the patient complained 
of great pain Following this it giadually became warmer, and within a week the 
pain had practically disappeared There was no definite paralysis but rather a 
general weakness of all muscle groups The patient remained in the hospital 31 days 
His wound healed firmly There was no further hemorrhage The weakness of the 
left arm did not improve and wasting of the arm became increasingly evident At 
the time of his discharge, the circumference of the left arm at the midbiceps level 
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was tliitL LUitiniclcit. less tlian the light 'Iheie was maikul inlciosseous atrophj' 
Small objects, such as a pen. could not he picked up 

'\ho it foul months aftei the opciation, i Pa\ac\ maclune was secured, and a 
lialf-houi of tieatmcnt was applied c\ci\ othei day for three months There was 
slight impio\ement so that he can now handle small objects bcttci It is probable 
that the arm will be pcimancnth ciipplcd 

SUMMARY 

1 An aneuiebin ot the distal poition of the subclavian aiteiy has been 
cuied b} means ot the fibiosis induced b\ cellophane tape wrapped aiound 
the -vessel 

2 It took ten months foi the aiteiial occlusion to piogiess sufficiently 
to cause the aneuivsni to dimmish m si/e and ly months foi the process to 
be completed 

3 A compaiable case was tieated b\ hgation, with the lesult that theie 
IS consideiable disability m the aim 

4 W'e believe that this method of giadual aiteiial oeclusion is \aluable, 
and that it might be applied to aneuiysms of othei arteries notabh the aoita 
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THE COAGULABILITY OF VENOUS BLOOD 
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Thcrc has been in lecenl years a gradually increasing interest in the 
ditferences between the blood of diseased and that of normal extremities 
Thus, blood drawn fiom varicose veins associated with complications has 
been found, on the basis of comparison with values accepted as normal, to 
exhibit an increase m viscosity and in the concentration of plasma proteins 
in carbon dioxide combining powei ,- and in the rate of sedimentation 

The clotting tune, also has been studied, and while m the venous blood 
of thrombo-angiitis obhteians, it was found by Theis'^ to be shortened in 
some cases even to less than one minute, m the blood drawm fioin varicose 
veins, it was found to be “within normal limits ’’ How^ever, the normal values 
for viscosity, concentration of plasma pioteins, of the carbon dioxide combining 
power, and of the rate of sedimentation, do not vai)"^ within the wude range 
that the clotting tune does, so that a clotting tune could vary 300 per cent 
and still remain ‘Svithin normal limits ” In order, therefore, to determine 
if there are any actual changes in the clotting time of the local venous blood 
of an extremity, it would be moie leliable to use not the figures accepted as 
within normal limits, but the clotting time of the blood drawm at the same tune 
from the normal extremity of the same individual In the followung study, 
this criterion was observed, the venous blood of a normal upper extremity 
seiwing as a control 

Method — One bundled ninety-one subjects, comprising foui principal 
gioups, w^ere studied Gioup I consisted of 28 noimal students wdio had 
no detectable peripheral vascular disease The results fiom this group 
sen'^e as control for the evaluation of lesults obtained in the subsequent 
groups Group II consisted of 115 patients wuth varicosities of the low^er 
extremities which w^eie being treated by injections of sodium morrhuate 
In this group w'ere many advanced cases wnth such complications as 
varicose ulcers, dermatitis, or peripheral edema of the aflected extremity 
Determinations of the coagulation tune of the blood in the latter individuals, 
wLo had been treated with sodium morrhuate, w^ere made only after one to 
three weeks had passed since the last treatment In Group III there w^ere 36 
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subjects sutteiing fiom conditions coinp<iiablc to those in Gioup II, excepting 
that these patients had never leceived any tieatinent Group IV comprised 
seven cases of postopeiatne venous thrombosis and five cases of primaiy 
acute thi ombophlebitis 

The coagulation time of the l)Iood fiom the uppei and lowei extiemity 
was detei mined m each indiMdual Blood fiom the uppei extiemity was 
obtained from a cubital that fiom the lower extiemity fiom the internal 
saphenous vein at the ankle when theie was no varicosity, as in Groups I 
and IV In cases m whom theie weie vaiicose veins, as in Gioups II and III, 
the blood was diawm from a varicose vein wdnch had not been previously 
injected 

The determination ol the clotting time w^as earned out according to the 
technic of Lee and White'’ The vein was pieiced by a fine hypodermic 
needle aftei the application of a tourniquet, and one cubic centimetei of blood 
w'as drawn rapidly into a dn synnge One-half cubic centimetei of blood 
w'as placed each in one of two small test tubes and duplicate determinations 
made simultaneously by twm obser\eis The test tube W'as tilted at regular 
inten'^als until it could be mveited without displacement of the blood mass 
This w'as taken as the critical jDOint for the clotting time The test w^as 
repeated wdien delay or difficulty was encountered in the process of wnth- 
drawung blood from the vein oi w'hen any other fault in technic occuiied 
In 191 subjects 352 duplicate sets of detei minations w^ere made In none 
of these w^as theie a difference greatei than 20 seconds in the detei minations 
of the tw^o observers, most of the differences being in the nighboihood of 
ten seconds The values of the clotting time of the blood from the arm and 
leg w^ere compared, and the lesults tabulated in Tables I and II 


Tabut: I 

ANAIYSIS or INCREASED COAGUI ABILITY OE BLOOD OF LEG 

Acceleration ip Excess 


Group 

Total 
No of 

No of Cases 
with Hj per- 

Per” Cent 
of 

of 59 

Seconds 

Axerage Maximum 
■Acceleration Acceleration 

Cases 

coagulabihty 

Total 

No of Cases Per Cent of 
Total 

Time 

1 imc 

1 

28 

17 

60% 

0 

0% 

30" 

59" 

II 

ns 

81 

72% 

39 

33% 

70" 

285" 

III 

36 

28 

77% 

13 

36% 

60" 

112" 

IV 

12 

11 

92% 

9 

75% 

146" 

284" 


Resulis — Refeiring to Table I, one obseives (i) That theie is a slight 
tendency for venous blood from the lower extremity of normal individuals 
(Group I) to clot more rapidly than that from the uppei extremity, ie 
m 60 per cent of the total number of cases (2) The blood from varicose 
veins of individuals in Groups II and III showed an exaggeration of this 
tendency to faster clotting (72 and 77 pei cent, lespectively) than the 
venous blood from the upper extremities of the same individual (3) In the 
cases with thrombophlebitis (Group IV) blood from the low^er extremity 
clotted more rapidly than that from the upper extreniit}'^ 111 92 per cent 
of the cases (4) Taking those cases of all Gioups in which the blood 

483 



SHAFIROFF DOUBILEF BARCiRVM VND CO lUl 

clotted nioie lapidly fiom the lowei extiennty the aveiage acceleration in 
Group I was only 30 , whereas in Groups II and III comprising the varicose 
veins, the aveiage acceleiation -was 70 and 60', respectively, and in those 
cases of Gioup IV with thrombophlebitis the average acceleration was 146" 
The greatest acceleration in Group I w as in one individual, and that w as 59 ' 
In Group II, the maximum acceleration was 285' , w^hile in Group III it 
was 132 Thirty -three and 36 per cent of the cases wnth hypercoagulability 
of varicose vein blood for the twm respective groups show'ed acceleration 
times m excess of the 59 , noted above as the maximum for normal indi- 
viduals In Group IV, the maximum acceleration time w^as 284", while 75 
per cent show^ed acceleration times in excess of 59' 

It was pieviously stated that there was a difference of about 10 to 20 
seconds in the determinations by the two obsen'^ers on any one blood This 
may be considered as inherent in the technic Making allow^ances in one 
case foi an experimental erroi of ten seconds and m another case of 20 
seconds, the lesults may lie regrouped as in Table I which may be analyzed 
as follows 


Table II 

\N\L\SIS 01 COMI ARATIVL COAGUI ABILITIES OF \ CNOUS BI OOD OF UPPER \ND LOWER E\TRI MITILE-REGKOUI I U 

ON BASIS OF OBSrR\ATlONAL ERROR 

(A) 10 Second Obsenational Error 



Group I 

Group II 

Group III 

Group IV 

Equal 

S U8%) 

18(16%) 

9 (25%) 

0 (0%) 

Leg >arm 

IS (53%) 

80 (69%) 

24 (64%) 

11 (92%) 

Arm >leg 

8 (30%) 

17(15%) 

3 (9%) 

1 (8%) 


(B) 20 Second 01 ser\ational Error 



Equal 

1 3 (46%) 

35 (30%) 

12 (33%,) 

0 (0%) 

Leg >arm 

12 (41%) 

72 (62%) 

21(64%) 

11 (92%) 

Arm >leg 

3(11%) 

8 (8%) 

1 (3%) 

1 (8%) 


Foi the noimal individuals m Gioup I in the lo-second range of erroi, 
only 53 per cent of the cases show^ed hypercoagulability of lowei extremity 
blood as compared wntli the upper extremity blood wdiile the clotting time of 
the upper extremity blood w'as faster in 30 pei cent of the cases, the remain- 
ing 18 per cent being equal In the 20-second lange of error tabulation, blood 
from the lower extremity clotted moie quickly in only 43 per cent of the 
cases, while upper and low^er extremity blood coagulability w^as equal in 
46 pel cent of the cases In no instance did the blood of the low'er limb 
clot more rapidly than the blood of the uppei limb by more than 59" 

In Groups II and III, however, the results w’ere definitely different In 
the ten second range of error tabulation, the blood from the vancose vein 
W'as hypercoagulable as compared wnth the venous blood of the upper 
extiemity in 69 per cent of the total cases in Group II and 64 per cent 
of the total cases in Group III The upper extremity blood w'as more 
coagulable in only 15 and 9 per cent of the cases for the two respective groups 
When the range of error was set at 20 , the same tendency is to be 
observed Sixty-tw'o of the cases in Group II, and 64 per cent of those 
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in Gioup III, showed a gieatei clotting tendency of blood fiom the varicose 
veins, whereas in only eight and thiee pei cent, lespectively, did the venous 
blood fiom the uppei extiemit} clot moie lapidly In Group IV, 92 per 
cent of the total cases showed the blood fiom the lovei extiemity to be more 
coagulable than uppei limb blood, wheieas the reveise vas true 111 only 
eight per cent of the cases, these lesults being the same whethei the range 
of error was as 10 01 20 

In those cases wheie thiombophlebitis had alieady become established, 
there was also an associated maiked change m the coagulability of the 
blood of the diseased extiemiU as tompaied with that fiom a noimal 
extremity of a thrombophlebitis indiMdual This is plainl) visible m the 
tables In Groups II and III. it is likewise seen that theie is a stiong 
tendency foi the same to be tine, although not with as gieat a fiec[uency 
This is probably due to the great vaiiation of the degree of disease in the 
aflfected vein m both these groups, wheieas in cases with established 
thrombophlebitis the maximum dcgiee of disease of the affected vessel 
had taken place In other woids. theie are a number of cases in both 
Groups II and Til in wdnch the disease of the ailected vessel was so mild 
as not to interfere w ith the chai acteristics of the blood thei em These cases 
detract from the percentage which might be high enough to piesent significant 
differences in the characteristics of blood in a vessel with well-established 
disease 

There is, thus, a distinct tendency tow aids acceleiation of coagulation in 
the blood of varicose veins Where such difteiences occuried, the magni- 
tude was two tunes greatei than the aveiage difference of the normal indi- 
viduals, and the maximum difference was five times greater than the maximum 
difference of the normals In the cases with established thiombophlebitis 
this hypercoagulable tendency of blood of the diseased extremity w^as so 
marked, that the average acceleration w'as four and one-half times gieatei 
than in normal subjects, and the maximum five times gieatei 

Common js — Some speculations evoked by the above findings may be 
set down in an attempt to 1 elate this woik to its possible clinical use In 
regard to the subject of vai icose veins, the following questions ai ise ( i ) What 
change takes place in the blood of a diseased extiemity which is 1 effected m 
the increased tendency of the local blood to clot more readily than that fiom 
the noimal extremity of the same individual^ (2) Does this lapidity of 
clotting increase with the functional impaiiment of the physiology of the 
veins ^ (3) Does it disappear m the lecumbent position^ (4) Do varicose 

veins showing this hypercoagulable tendency jDredispose to the development 
of postoperative thrombo-embohzation ^ 

In regard to the marked acceleiation of clotting of blood from the veins of 
extremities wuth established thiombophlebitis another set of questions may be 
set down (i) Is this tendency due to the same change as is to be found 
in varicose vein blood ^ (2) Does it antedate the foimation of the thrombus^ 
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(3) If so, may it not be developed into a prognostic test which would indicate 
preventive therapy before actual thrombo-embolization takes placed Each 
of the answers to these seven questions would constitute the definitive result 
of seven lines of further investigation 

SXJMMARY 

1 A study of the coagulation time was made of the blood from the upper 
and lower extremities of 191 subjects — 28 normal, 156 with varicose veins, 
and seven with established thrombophlebitis 

2 There was found m normal persons, a slight tendency of lowei 
extiemity blood to clot faster than uppei extremity blood 

3 This tendency was model ately exaggerated, in various degiees, by 
the presence of varicose veins and markedly exaggerated 111 the blood from 
thrombophlebitic extremities 

4 The possible implications of these findings were discussed 
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BOOK REVIEWS 

The Hi-morrhagic Diseases and the Pu\siology or Hemosiasis By A J 
Quick, U D Charles C Thomas, 340 pp , $S oo, Springfield, 111 , 1942 

This work, which is an expansion of the Beaumont Lectures given by the author 
m 1941, represents the first methodical and compiehcnsive effort to analyse the Hemor- 
rhagic Diseases fiom the pathopln siologic standpoint The author wisely stresses the 
fact that the uoik is not a treatise on blood coagulation It intends to deal with this 
topic as one of the factors sharing 111 the mechanism of hemostasis Alterations of 
this mechanism are icgarded as the fundamental causes to be sought in the study of 
the Hemorrhagic Diseases 

Contradictor! departures fioni his aiowed pin pose are, howevei, evident heie 
and there At the o itset, a chaptei deals not with the histoi > of hemoi rhagic disease 
01 of hemostasis in gcneial, but with the “Historj of the Coagulation Mechanism” 
Hemostatic factors other than those related to blood coagulation, e g , vascular and 
extravascular factors, recene scant attention Foi example, purpuras of the Henoch 
and Schoenlem type, which might well lesult from alterations 111 those factors, are 
dismissed with the remark (p 132) that “only the tin ombocytopenic puipuras are 
primarily hemorrhagic ' diseases ’ Due prominence is gnen to the role played by the 
blood platelets in hemostasis Theie is a good discussion of thrombopenia, its mani- 
festations, course and treatment Heieditarj thrombasthenia (Glanzmann), the only 
authentic disorder of hemostasis due to a qualitative defect in the blood platelets, le 
ceives passing mention onh The readei is given the impression that this disorder 
should actually be grouped with the “pseudo-hemophilia” of von Willebrand, the cause 
of which resides probably in the !esscls 'Much confusion, how'ever, exists even in the 
current medical literature, concerning these two diseases 

The author is at his best in the chapters dealing w’lth blood coagulation There he 
examines and reports fully, and, on the w'hole, impartially, the mass of evidence 
accumulated on this controversial subject during the past 50 years The discussion is 
enlivened by the author’s personal comment made pointed by intimate knowledge of a 
field in which he played such a leading part 

An appendix dealing wuth technical methods supplies directions for the performance 
of many tests, important information, unobtainable elsewhere, under one cover The 
book should prove of great value to othei w'orkers m the field of hemostasis and its 
disorders Throughout the text the reader mav pick up stimulating leads, valid (even 
w'hen tart) criticisms on method and interpretation and much imaginative spanning of 
seemingly unrelated facts This leview'er know'S of no similai w'ork on the subject 
to date, in which the facts are so clearly exposed, the evidence so well grouped and 
shrew'diy examined and its possible implications so brilliantly outlined 

Leandro M Tocantins, M D 

Abdominal and Genito-Urinary Injuries, Military Surgical Manuals HI, 
National Research Council W B Saunders Co , 243 pp , $3 00, Philadelphia and 
London, 1942 

The soundness of the views expicssed in this volume is attested by the membership 
of the Committee on Surgery of the Division of Aledical Sciences of the National 
Research Council and its subcommtitee on Urology, as w'ell as by the experience and 
knowledge of Dr Ambrose H Storck, who piepaied the section on Abdominal In- 
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juries, and of Dr Clark M Johnson and Di H M Weyraurh, who contributed to the 
section on Genito-Unnary Injuries 

It IS so thoroughly sound and fan that it may not always help the isolated medical 
officer to a definite decision on the procedure he should follow 

Certain procedures aie definitely condemned and perhaps the book is most valuable 
for these warnings 

W ALTFR EsTFLL LfE M D 


First Aid, Surgicai and Mfdicai B> Wanen H Cole, MD, and Charles B 
Puestow, MD, MS, PhD Appleton-Centurv Co, New York 1942 

The authois have compiled, with the assistance of a foimidable list of contributing 
authors, a modern version of emeigency treatment 

The book is well ai ranged, beginning with the limitations and precautions of fiist 
aid work, proceeding with an intelligent outline of anatomy and physiology as a basis 
for the reader to appreciate the reasoning upon which subsequent chapters are based 
The illustrations are good and the individual chapters on specific subjects are well 
ai ranged The early use of the sulfa drugs is stressed, and there is an agreeable 
absence of antiseptic measuies often noted m other texts on this subject 
An excellent chapter on transportation of the injured is included 
The problems of respiratory emergencies are treated as a group so that the student 
IS prepared for the treatment of such emergencies occurmg from either respiratory arrest 
or lespiratory obstruction 

Medical emergencies in contradistinction to surgical emergencies are discussed, 
giving the reader an intelligent approach in caring for such conditions 

The book may safelv be recommended as a guide for medical students as ^\ell as 
an advanced text foi those who have had previous first aid training 

WiLLiAJi V Hfai nv, M D 
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jMANAGEMENT of ulcers among naval personnel-" 

Captain "Waltman Walters, ]\'I C , U S N R ,t 

AND 

Lieutenant Hugh R Butt, M C , U S N R f 

Gastro-intestinal disease constitutes a niajoi pioblem among militar} 
personnel Of more than 3,564 patients -with dyspepsia, admitted to militaiy 
hospitals m Great Britain, 55 pei cent were found to ha^e peptic ulcei These 
figures include some reported from Naval hospitals In the United States 
Army, in 1940, diseases of the digestive s}stem lanked thud as a cause foi 
admission to sick report , fourth as a cause of death , and fifth as a cause of 
discharge for disabiht} ' Of all medical patients admitted to a geneial hospital 
of the United States Army. 18 per cent had s}mptoms of digestive disease 
In spite of the statistics from Great Britain (Table I) and this countiy, 
there is little evidence to suggest an increase in peptic ulcer as a lesult of the 
present w^ar but, as has been pointed out,- the w^ai certainly has revealed the 
unexpected frequency of peptic ulcer 111 the civilian population before the w^ai 
began Several authors^’ ” have found that about 90 per cent of the soldiei s 
wuth peptic ulcer in the Army of the United States had had ulcei pnoi to 
entering the service The seriousness of this problem is attested by the fact 
that in one report- it is stated that 90 pei cent of the patients wuth ulcer w ei e 
discharged from the British Army A similar report-*'" stated that about 50 
per cent w^ere invalided fiom the Royal Navy As yet, w"e have no data on 
the influence of combat on the production of ulcer m our services 

Certainly many physicians w ill agree that undei propei conditions patients 
who have peptic ulcer are capable of pei forming many impoitant tasks, even 
though such duty may be limited If these patients cannot toleiate the aimy 
or navy ration without recurrence of symptoms, they are piomptly invalided 
from the service ’ Flood'* has stressed the fact that soldiers with peptic ulcei 
who are retained in the army should be of stable peisonahty, because those 
with a neurotic temperament fare badly 

In the navy, sin ce highly trained men aie such a valuable asset, manage- 

* Read before the American Surgical Association, Ma}"^ 13 - 14 , 1943 , Cincinnati, Ohio 
The opinions or assertions contained herein are the private ones of the writers and 
are not to be construed as official or reflecting the views of the Na\ 3 '^ Department or 
the naval service at large 

T On leave of absence from the Mayo Clinic 
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ment of the patient with pejitic iilcei , with the tlioiiq;ht nX i etui ning him to 
duty, cannot he oveiemphtisized The eiidcnce is ample (hat peptic ulcci is 
a difficult pioblem m the naval seivice, especially aboaid ships, because naval 
service affords little oppoi trinity foi the physiologic gasti oduodenal lest that 
IS the essential pait of the nonsurgical tieatment of ulcer Ever}^ ocean voy- 
ager knows of the hypermotihty and hypersecretory action of the stomach 
and duodenum which are called seasickness In most instances symptoms of 
ulcer without complications among new lecuiits m the navy were present 
piior to enlistment Since most of these men are young (from i8 to 25 years 
of age), few m his group should be considered as candidates for surgical 
piocedures Hence, experience has showm that it is advisable to discharge 
such men from the service before six months'*" have elapsed from their enlist- 
ment, or the goveinment becomes lesponsible for their continuous treatment 
and disability pensions 

On the other hand, officeis and enlisted men w'hose ulcers have developed 
during their peiiod of active duty are entitled to pensions and continuous 
medical or surgical treatment Should they, too, be letired or be invalided 
from the service because of then ulceis^ The indications for operation diffei 
little m these cases from those in cases m civilian life There seems to be an 
impression in the naval seivice that even if such patients are operated upon 
most of them wall have to be assigned to shoie duty (limited duty) This 
requires that an officer first be letired from active serMce and then recalled 
as a retired officei for limited duty We believe, on the contrary, that a large 
majority of these patients wdio have active, chronic 01 lecurrmg ulcers may 
be returned to active duty at sea or foreign stations even in the combat zones 
of operation, preferably partial gastrectomy, is pei formed as soon as the 
diagnosis is established Consequently w^e have operated upon a selected 
group of those encountered at a base hospital in the last six months and 
returned most of them to active duty foi a therapeutic tiial This, therefore, 
IS essentiall)'^ a prehminaiy repoit since w^e have opeiated upon only thirteen 
such patients m the past six months Although eleven (85 pei cent) have 
returned to active duty, it wall be necessary 10 have a series of at least 100 
cases, and to follow^ these foi a yeai or moie, befoie any definite decision can 
be arrived at concerning the lesults of the opeiation fiom the standpoint of 
the ability of the patient to pei foi m active duty as a pait of the navy 
after operation 

REPORTS FROM THIRTEEN UNITED STATES NAVAL HOSPITALS 

In order to bioaden the scope of the piehmmary report, we have sought 
information from many of the largei naval hospitals m this country to deter- 
mine the attitude of other medical officers on the ulcer problem among naval 
personnel Special emphasis was placed on the percentage of patients thought 
to have a lesion requiring surgical measures, the operation peifoimed, and 
the subsequent clinical course 

* Recently changed to three months ^ 
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Peptic 
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Duodenal 

Gastric and 
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Total Ulcers 

Ulcers 

Ulcer 

Duoden il 

Authors 

Hospital 

Cases Per Cent 

Cases 

Cases 

Ulcers 

Wide 

Nav al 

1003 17 

67 

404 

86 

Brockbank* 

Militarj 

931 42 5 

52 

275 

84 

Morris 

Mihtarv 

500 50 




Pa\ ne and New man 

\nnv 

287 89 

42 

164 

80 

Mamgot 

General 

216 56 

15 

128 

89 

Graham and Kerr 

Mihtarv 

246 64 3 

20 

135 

85 

Spillane 

Militari 

200+ 12 

10 

54 

84 

Allison and Thomas 

Nav al 

100 45 

6 

34 

85 

Wilco\ 

General 

41 69 

7 

19 

73 



Total — 3564 55 

219 

1213 

85 

* Includes one case 

of carcinoma and nine of gavtro entcrostoniv in 

which there was no precise evidence 

of the site of ulcer 
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Treatment Cases 

T> pe of Ulcer 



T otal 

‘liirgical 

Medical 

Gastric 



112 

21 

89 

Duodenal 



1219 

72 

1147 

Gastric and duodenal 



21 

8 

13 

Total 


• 

Table III 

1152 

101 

1219 


DISPOSITION or 

PVTILSTS WITH ULCER APTPR 

TREATMENT 





{Colleded Series) 


Surgical 

Medical 

Disposition 



Total 

Patients 

Patients 

Active duty 



654 

51 

601 

Limited dut> 



131 

20 

111 

Discharged* 



567 

30 

517 

Total 



1352 

103 

1249 


■*'Of the total number listed as discharged and retired from scrMce 117 had actiialh been transferred for 
further disposition two were still under treatment and three had died 


We liave had repoils of 1,352 patients with pioved peptic nlcei who 
entered thnteen United States naval hospitals fiom Decembei i, 1940, to 
December i, 1942 (Table II) One thousand two bundled and foity-nine 

* The cooperation of the following commanding ofTicers and then associates is 
greatly appieciated The information collected by them and their suggestions have been 
freely used in this paper U S Naval Hospital, Poitsmouth, New Hampshiie, J T 
Bennett, Pensacola, Florida, W W Hargiave and L M Nelson, Newport, Rhode 
Island, G F Thomas , Quantico, Virginia, P M Albright and W M Sheppe , Long 
Beach, California, L D Powell, Seattle, Washington, F F Murdock, Key West, 
Florida,! W Allen , Chelsea, Massachusetts, G F Clark and G E Cummings, Noiman, 
Oklahoma, L B Marshall, National Naval Medical Center, Bethesda, Maryland, John 
Harper and W T Gibb, Jr , Balboa, Canal Zone The Commanding Officer, Pearl 
Harbor, T H, J J A McMullin and C E Watts, Portsmouth, AT’u-gmia, Daniel 
Hunt and Michael Lake, Corpus Christi, Texas, R R Gasser, Mare Island, California, 
J P Owen and E L Markthaler, Corona, California, H L Jensen 
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Tvbld IV 

SURGICAL TREATMENT 
(CollccUd Scries) 


Operation Toni 

Resection with Polya t> pe of Tinstomobis 39 

Billroth I resection S 

Gistro enterostoinj 8 

Local excision 12 

Other t> pes'*' 39* 

Total 103 


+ Most of these are closures of acute perforations 


Table V 

NUMBER \ND DISPOSITION OF lATIENTS PREMOUSLl OPERATED UPON POR PEPTIC ULCER 
WHO ENTERED IIOSI ITAL WITH RECURRENT ULCER OR OBSTRUCTION 


Type of Treatment Cases 

Surgical 16 

Medical 41 

Total 63 

Disposition 

Active dutj 18 

Limited duty 6 

D scharged'i' 39 

Total 63 


* Of the number discharged, one died 


(92 per cent) of these patients weie tieated medically and 103 (eight per 
cent) suigically Seventy-one per cent of the 103 patients treated surgically 
were leturned to duty, 53 to active, and 20 to limited duty (Table III) 
Fifty-five pel cent of those treated medically weie retuined to duty In about 
half of the surgical cases paitial gasti ectom)’' vas pei formed, and m approxi- 
mately a third simple closure of an acutely perforated ulcer was employed 
(Table IV) Of the 63 patients who had had pievious operations for ulcer 
25 per cent underwent anothei operation for lecuinng ulceration, with or 
without obstiuction Seventy-five pei cent were treated medically Thirty- 
eight pel cent of these 63 patients weie leturned to duty (Table V) Ninety 
per cent of the 1.352 patients had duodenal ulcers, eight per cent gastric 
ulcers, and two per cent gasti ic and duodenal ulceis The high percentage 
of duodenal ulcers (90 pei cent) is in accoid with the aveiage 85 per cent 
repoited by cuirent British writers (Table I) 

In the collected senes fiom the United States naval hospitals, the reasons 
generally listed foi discharging patients treated surgically fiom the service 
was their inability to tolerate a general diet Of those tieated medicalty, and 
latei discharged, the 1 easons wei e listed as follows ( i ) Disease existed prior 
to enlistment (E P T E ) in a young recruit, (2) history of many recur- 
lences, (3) symptoms not relieved and suigical inteniention refused, (4) 
repeated hemorrhages, and (5) accompan3ang severe functional distuibances 

MANAGEMENT 

Swgical Measmes — The reasons for choosing surgical treatment foi 
naval patients vith peptic ulcer are essentially the same as those for civilian 
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patients In our senes of 13 cases suigical tieatment was advised for (i) 
lepeated hemoi 1 hages , (2) pyloiic obstuiction, (3) perfoiation, or (4) 
frequent lecunences, uith progiessive symptoms in spite of medical tieat- 
ment Paitial gastiectomy with a posteiioi Polya-type of anastomosis, was 
peifoinied m 85 per cent of the cases, in one case gastio-entei ostomy was 
peifoimed because technical difficulties pi evented gastric lesection, in one 
case of perfoiated duodenal ulcei simple closure uas, at the time, the pro- 
ceduie of choice 

The impoitance of making an eail} decision as to the t}pe of tieatment 
to be employed and the disposition of the patient cannot be ovei emphasized 
If surgical tieatment is indicated, the eaihei the opeiation is peifoimed and 
the patient returned to dut}, the betlei Since all these patients aie hos- 
pitalized, there is a tendency to delay this decision until the patient has 
become so accustomed to hospitalization that he is leluctant to 1 etui 11 to 
combat duty, legaidless of the lesult of tieatment In oui gioup of 13 cases 
in which operation was perfoimed onh two patients w’eie invalided from 
the seivice One was an officei who had spent a total of 14 months in vaiious 
hospitals undei going several courses of medical treatment before operation 
w'as advised Although the suigical lesult was ph} siologically and clinically 
excellent, the long period aw ay fi om duty and the mental attitude developed 
by prolonged hospitalization and limitation of activities both physical and 
dietaiy were sufficient to produce a functional faihiie in tw^o months aftei 
his return to active duty The second patient had a good lesult fiom opei- 
ation, but w^as discharged because of an incapacitating wai injuiy 

Medical M Casio cs — The medical tieatment of peptic ulcer in the navy is 
essentially the same as that employed in civil piactice, but the vaiious duties 
to wdiich the naval peisonnel aie assigned aftei leaving the hospital make this 
nonsurgical foim of tieatment difficult Inegulai houis, inadequate meals, 
seasickness, great exertion, great fatigue, and the nenous stiain and appre- 
hension over real and impending battle aie a gieat hindiance to medical 
management Medical treatment, therefore, is adiused only wdien symptoms 
are extremely mild and of shoit duration, and complications aie not present 

Aboard large ships, because of special messes and privileges, officers wdio 
have ulcers have a better oppoitumty foi adequate medical management than 
enlisted men do For this reason eveiy oppoitumty is given them to leturn 
to dut)- if then ulcer is responsive to the usual tieatment, if it is not respon- 
sive surgical inteivention is advised We have observed 35 patients wuth 
pioved gastric 01 duodenal ulcer at a naval base hospital in this countiy 
during the past six months Tw’^enty-twm w^eie tieated medically, 16 (73 pei 
cent) of these w'^ere returned to duty and six discharged Of the six dis- 
chaiged, three were advised to have operations because of complications, but 

refused, the other three had medical conditions othei than ulcer requiring 
discharge 

Our patients with ulcei have cooperated well, and almost all have been 
anxious to return to dut} Those wdio lesponded to medical treatment did 
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SO in the maiinei usually expected in civilian piactice This is in contrast to 
the expel lence of Flood, who ohseived that in the army, a laige number of 
patients continued to complain of discomfort even aftei long periods of ade- 
quate tieatment Many of our patients have experienced dangerous and 
stienuous action, and date then gasti o-mtestmal symptoms from that peiiod 
of mental and physical stiess and stiain A laige peicentage of these patients 
quickly become fiee of symptoms, simpl)' with rest and proper food at reg- 
ulai mteivals Those Avho lose then sjmptoms quickly and evidence desiie 
to letuin to duty aie returned without lestiictions , others, less suie of them- 
selves, who expel lence occasional dyspepsia are returned to limited duty 
ashore , those who have sei lous complications are advised to have an oper- 
ation Time and expeiience will determine the success of this policy but in 
view of the inci easing need of tiained manpowei this piogiam seems justified 

FURTHER SiUDIES ON THE ULCER PROBLEM 

It IS faiily obvious that fuithei stud} of tieatment of ulcei among men m 
the navy is indicated At piesent, we aie not concerned with young lecuiits 
who have ulcei s that existed piioi to enlistment (E P T E ) Such patients 
aie dischaiged fiom the seiMce because medical tieatment cannot be earned 
on with any degree of satisfaction and yet thev do not have sufficient tiouble 
so that surgical pioceduies can be advised Wlien the ulcer is incurred during 
the period of the active seivice, however, it is important to tieat the patient 
in such a way that he may return to duty if possible This is particularly 
important if the patient is an officei, or a specialist who has become a leal 
asset to the seivice 

Several problems must be solved in these cases The fiist is -whethei 
lepeated medical tieatment is advisable Of 537 patients in the collected 
series medically tieated and dischaiged fiom service because of ulcei, 25 per 
cent had repeated periods of hospital tieatment foi their ulcei The chances 
of those in this group of 1 esponding to medical treatment so that they become 
useful to the seivice is exceedingly doubtful The second problem is the 
need of follow-up studies to deteimme the results of surgical treatment in the 
naval service In our senes, 37 per cent of the patients were tieated sur- 
gically, 85 per cent of whom -we letuined to duty In the collected senes, 
only eight per cent were treated surgically, of whom 71 pei cent M'^ere le- 
tuined to duty These lesults should be compared nuth those of conservative 
medical treatment Seventy-three pei cent of the patients in our senes 
tieated by medical measures only and 55 pti cent of the patients m the com- 
bined senes tieated by medical means, returned to duty These figures sug- 
gest that suigical tieatment, when indicated deseives widei use 

As previously mentioned, 25 pei cent of the patients tieated medicall} 
Mho weie dischaiged fiom the service had been hospitalized repeatedly 
because of ulcer It seems possible that suigical treatment should be employed 
more extensively m this group of cases 
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To evaluate the final iQSults of suigical tieatment will lequne a follow-up 
study to detennine (i) the time spent on the sick list, (2) ability to stand 
active and limited duty, and (3) a compauson of both medically tieated and 
suigically tieated patients to deteimme uhethei the ladical treatment by 
gastiic lesection is waii anted 

Ceitainly. fiom the lesults shoun heiem, theie is, we believe, justifica- 
tion foi ladical suigical tieatment of naval patients who have chionic. recui- 
iing, gastiic or duodenal ulcers uhich develop dm mg service Ofificeis and 
enlisted specialists with such ulceis, \\hose knowledge, expeiience and ability 
in naval activities make them paiticulaily valuable to the navy, and the 25 
pel cent of medically tieated patients who aie dischaiged from the service 
because of chionic lecuiimg ulceis, aie the paiticulai patients, we believe, 
that should be given the benefits of suigical tieatment with the hope and 
expectation that their valuable sei vices can be letamed Howevei, until a 
much laigei senes of naval patients aie opeiated upon, and obseived subse- 
quently as regal ds then leaction to naval duty, the advisability of suigical 
tieatment of naval personnel who have gastiic and duodenal ulceis in order 
to letuin the patients to duty cannot be detei mined definitely 
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® Hurst, A Digestive Disorders in Soldiers Am J Digest Dis , 8, 321-323, Sep- 
tember, 1941 

‘ Kantor, J L Digestive Disease and Military Service With Special Refeience to 
the Medical Department of the U S Army J A M A , 120, 254-261, September 
26, 1942 

8 Maingot, R Quoted by Brockbank 2 

0 Morris, H Quoted by Brockbank 2 

Palmer, W L Stomach and klilitaiy Seivice J AM A, 119, 1155-1159 
August 8, 1942 

Payne, R T, and Newman, C Quoted bv Biockbank 2 

Spillane J D Quoted by Brockbank - 

^2 Wade, H J Dyspepsia in the Royal Navy Lancet, i, 636, Noveinbei 28, 1942 

Wilcox, P H Quoted by Brockbank 2 


Drscussrox Colonel Robert H Kennedv, MC (New York) My commanding 
o cer, up to a lecent time, Geneial Kirk, was extremely regretful that he could not 
be here At the time that the pieliniinaiy progiam was icceivcd he asked our Chief 
1 Section to piepaie some data lelevant to the paper of Captain 

^altcls, and since he went away he wrote asking me to assemble this material and 
iscuss the ^bject in his absence This was prepared by Major Charles M Caravati 
t the Percy Jones General Hospital, between January 15 and May i, 1943 (the 
capital opened on January 15) there have been 835 total medical admissions, of 
whom 69 were peptic ulcer patients 
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Admitted to the Gastro-Intestinal Service were io8, 58 of whom were proven 
ulcers on that seivice There were ii more ulcers on tlie officers’ ward (Table I) 


T\bli: 1 


Tlir ULCLR PROBI CM AT PCRCT JONES CENTRAL IIOSI ITAI 

{January i5 to May i Jgjs) 


No of 
Cases 


Total medical admissions 835 

Total number of peptic ulcer patients 69 

Total admissions to G I Service 108 

Total pro\ en ulcers on G I Service 58 

Total admissions to Medical Officers Ward 125 

Total proven ulcers on Medical Officers Ward 11 


The diagnosis has been accepted b3' an attempt to follow the following criteria 

1 Careful perusal of the clinical storj 

2 Complete roenfgenologic studies, with repeat examinations when indicated 

3 Gastric secretory studies, including night acid curves 

4 Examination of three specimens of stool for occult blood 

5 Critical review of the psj'chic status of the patient 

6 Response to therapy 

7 Gastroscopic examination 

(1) Chnical Htstoiv Theie were onlj a small percentage of patients in which the 
clinical history was not at least suggestive of peptic ulcer, who were later pro\ed to 
have ulcer How'ever, m three individuals, the finding of a definite ulcer crater, which 
disappeared under treatment was demonstrated though the historj’-, in no waj pointed 
to the presence of same Ninety to 95 per cent of soldiers proven to have ulcers gave 
a history suspicious of same existing prior to entrance into the servuce This agrees 
wuth reports of other army hospitals — Chamberlain of Lawson General, reporting go 
per cent, Thomas of Fort Meade Station Hospital, 93 per cent, and Berk at Tilton 
General, approximately 90 per cent Eight cases had had a history of acute perforations 
Eight had gross but not massive gasti o-intestinal hemorrhages None of these w'ere 
admitted during the acute stage of their hemorrhages There w’as only one case of gastric 
ulcer in this senes Other senes, in the Armj and Navv, have reported an incidence 
of four to eight per cent of all peptic ulcers occurring within the stomach Fiftj-two 
of the 69 soldiers with ulcer, had seen overseas service Ninety per cent of these gave 
histones indicative of the presence of ulcer prior to their entrance into the Armj" The 
one case of perforation which occurred on our service had returned from ov'erseas eight 
days previously 

(2) Roentgciwlogtc E%amiuation In a small percentage of cases, clinical evidence 
and the roentgenologic findings did not agree At times the clinician expected a 
roentgenologic report of duodenal deformity when the Roentgenological Department 
reported negative findings The variability of the roentgenologic evidence of ulcer was 
forcefully pointed out in an analj^sis of some of these cases The presence of a crater, 
with deformity, was considered definite evidence of an ulcer, usuallj’’ active Deformitj", 
without a crater, but wuth a niche, or marked duodenal irritabilitj, also was considered 
to indicate probable presence of an ulcer Absence of irritability, wuth the presence of 
deformity, and with the absence of subjective sjmptoms, was most often interpreted 
as a probable healed ulcer 

(3) Gastnc Scaetoiy Study Study of gastric secretion was accepted, using 
three methods 

(a) Quantitative study of the basal secretion 

(b) A study of the acid curve after alcohol stimulation, and after histamine, when 
there was no free acid after oral alcohol 

(c) Studj^ of the night acid curv^e (aspirations every two hours) 

A stud} of the gastric secretion of this group, using alcohol as a secretory stimulus 
reveals that there appears to be less hv'persecretion in this group than in most cases 
reported from civuhan life It has been formerly taught that the free acid level is usuall} 
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higher in this age-group than in a comparatively older group, and in this series of cases, 
o\er 50 per cent of the proven cases of ulcer showed normal acidity curves 

(4) Occult Blood w Stool It is regrettable that, due to faulty laboratory technic, 
our findings are probably incorrect In no case was the presence of occult blood reported 
positive before April 15th, but since that time several cases have been positive, after a 
change in technical procedure was adopted in the laboratory 

(5) Psychic Studx A critical re\iew of the psychogenic status of each patient 
indicated that a marked neurogenic element was present in a very large percentage of 
soldiers with duodenal ulcer Psychic trauma often appeared to act as a “triggei” 
mechanism, apparently reactivating a dormant lesion It was the opinion of most 
observers that activation of the epigastric distress which was prominent in many 
soldiers returning from overseas to the mainland, and which was not apparently 
related to seasickness, uas best explained on the basis of anxietj, incident to the hazardous 
sea voyage through heaAily submarine-infested Avaters The diet did not impress us 
as being unsatisfactorA’’ 

(6) Response to Thciapy ConserA'ative medical management consisting of an 
adequate, bland, low roughage diet, Avith frequent interval feedings made up chiefly 
of milk, crackers and juices, Avas adhered to in all cases except the A'ery acute In the 
latter group AA’hich comprised onlj a few patients, they Avere placed in bed and given 
milk and cream at tAAO-hour intervals during the 24 hours, AVith aluminum hjdroxide 
frequently All other cases Avere treated ambulatory except tAvo AVith pyloric obstruction, 
in Avhich Wangensteen suction and aluminum hj'droxide 'drip Avere used alternatelj’^ Each 
patient Avas gwen ascorbic acid 100-200 mg t 1 d Tincture of belladonna Avas ad- 
ministered to all in AA'hom there appeared to be evidence of hypertonus Several patients 
AAere placed solely on olu'e oil 

Results Regardless of the routine folloAA’ed, all patients reacted umformlj’- Avell to 
simple but intense medical management The average length of time from admission, 
to relief of symptoms Avas less than four days Many Avere relieved Avithin 24 hours 
No case of proven uncomplicated ulcer failed to receive relief Avithin ten days under 
management as above described, except one AA'ho had an acute perforation AA’hile under 
a milk and cream regimen, and Avas bedfast 

(7) Gastroscopic Evamiuation TAAenty-fiAC returned oAerseas soldiers AAuth duo- 
denal ulcers AA'ere gastroscoped , six shoAving positive findings Five of these represented 
gastritis, and one edema Of those shoAving gastritis, four Avere of the superficial type 
and one of the atrophic tA'pe All Avere A'ery mild, in fact, it AA'as the impression of 
the Endoscopists that in only one of these cases AA’as the pathologic change sufficient to 
cause clinical symptoms These examinations AA'ere conducted Avithout previous aspiration 
of the stomach, m order to eliminate the factor of trauma from the interpretation of the 
findings 

The positive diagnosis of ulcer noAV requires that a soldier be separated from 
the Service, except in the case of married officers, aaEo may be recommended for lim- 
ited duty if they can be stationed at a post AAdiere they may live at home and folloAV 
a satisfactorj'^ dietary regimen as ordered 

Captain Waltman Walters, MC, US NR (closing) I should just like to say 
a AA'ord, in closing, regarding the large numbei of men aaEo are being discharged from 
t ie armed forces because of chronic gastric and duodenal ulcer As I said in my paper, 
there certainly is no indication to operate upon voung men of 18 to 25 years of age 
Av 10 have had symptoms AA'hich existed prior to enlistment Most of these men do 
not have complications unless they perforate, AA'hich feAV of them do 

On the other hand, from my reasoning, I can see no reason why, if the operation 

0 partial gastrectomy has given the excellent results that it has in patients AAuth 

surgical ulcers Avho required operation for several years, such results cannot be expected 
" of operation is performed under similar indications upon men, and 

ya ua e men, in the armed forces, and that is a particular reason Avhy Doctor Butt and 

1 Avere carrying on this study , 

The need for such a study is emphasized by tlie fact, also, that in this collected senes 
o 1352 patients Avith proven ulcer reported, frdm several Naval hospitals, in only eight 
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pei cent of those cases had surgical procedures been earned out Yet, in the very small 
gioup of cases which we reported, we earned out surgical procedures in 37 per cent 
of the cases 

Now, there is only one way that one is going to determine whether or not a surgical 
pioceduie is advisable m Naval peisonnel who have suigical ulceis, and that is to 
peifoim a sufficient numbei of operations upon a sufficient numbei of patients in whom 
suigical tieatment is indicated, and give tlicm therapeutic trial duty, at home and 
abioad, and see what the lesults arc I peisonally, believe that it will show that about 
the same results can be expected as obtain in similai opeiations upon cuilians, namely, 
that probably 80 per cent of those patients can cat anything and do anything, and that 
IS one particular reason foi this paper 
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EFFECTS OF PEDICLE GRAFTS OF JEIUNUM IN THE WALL OF 
THE STOINLVCII ON GASTRIC SECRETION' 

Experimental and Clinical Studies 

William DeWitt Andrus, M D , 

Jere W Lord, Jr , M D , and Paul Stefko 

Nfav York, N Y 

FROM THE DEPARTMENT OF SURGERA, NEW 'VORK HOSPITAI AND 
CORNFLE UNUERSITA MED1C,\L COLLEGE, NEW TORK, N A 

Experiments Mhich ha\e been earned out in oui laboratoiy have 
levealed the fact that when a pedicle graft of jejunum is implanted in 
the w^all of the stomach piofound eflects aie produced on gastiic secie- 
tion^"^'^^ It IS with such effects and their possible employment in the 
tieatment of peptic ulcei that this paper deals 

Methods — Healthy mongiel dogs w^eie used foi these expeiiments 
which consisted in the lesection undei nembutal anesthesia of an aiea of 
the anteiior wall of the stomach appioximately 4x6 cm in size and about 
midway betw^een the caidia and pyloius, and the implantation into this 
defect of a pedicle giaft of upper jejunum with its cii dilation intact This 
was obtained by isolating a segment six centimeteis in length winch w^as 
then opened along its antemesenteiic bordei and fastened in place by means 
of interrupted sutures of silk The continuity of the jejunum w'as lestoied 
by end-to-end suture 

The gastric secretion of each animal had been examined aftei 24 
houis’ fast at least once before the beginning of the expeiiment In the 
fiist few' animals the gastric analyses w'ere earned out undei light nembutal 
anesthesia, but this w'as found to be unnecessary and, although it appealed 
to have no appreciable effect on the secretion, was abandoned for simple 
analysis using animals trained to tolerate a small stomach tube At the time 
of operation direct measurements of the pn of the surface of the mucosa 
at seven different areas in the stomach w'ere made by inserting electiodes 
of the Beckman pji meter through the defect in the anterior w'all just 
prior to the implantation of the jejunal graft Subsequent analyses w'eie 
carried out in a similar fashion and pn determinations w'ere made from 45 
minutes to tw'O years and six months aftei the implantations, inseiting the 
instrument through a gastiotomy 

Control animals W'ere subjected to anesthesia and operations of similai 
length, as w'ell as to lesection of an aiea of the gastiic w'all and closure of 
the defect without a giaft 

Twenty-five animals subje cted to this pioceduie, m one foim or another 

^ This w'ork was carried on under a grant from the John and Mary R Markle 
Foundation 

Read before the American Surgical Association, May 13-14, 1943, Cincinnati, Ohio 
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have been studied, 19 having had gastiic analyses, 13 pn measui ements, 
and six being investigated by both methods A summary of the results is 
set foith in Figuies i and 2 Of the 13 animals m which the pn studies 
weie earned out after the implantation ot a jejunal graft, 12 showed a 
use in the average hydrogen 1011 concentiation of seven legions of the gastric 


EFTECT OF PEDICLE JEJUNAL GRAFTS ON pH OF 
GASTRIC MUCOSA 

COMPOSITE FINOINGS IN 13 ANIMALS 



pH 





10 MIN AFTER HISTAMINE 


ZOMIN AFTER 


HISTAMINE 



□ COMBINED ACIDITY 


COLUMNS 0-10 MIN AFTER HISTAMINE 
COLUMN 3 lO-eOMN AFTER HISTAMINE 


Fig I Fig 2 

1 IG I — Effect of pedicle jcjuml grifts on pii of gastric mucosa 
Eic 2 — Effect of jejunal transplant on gastric anal/sis 


mucosa following the administration of histamine in contiast to the findings 
before operation In the remaining animal this leversal did not occiii, but 
the fasting pn was 6 7 compai ed to a preopei ative level of 5 4 and the fall 
after histamine was considerabl}’^ less marked 

In the gioup of 19 animals in which gastuc analyses weie peifoimed 
the aveiage fasting fiee and total acidity was definiteljr lotvered aftei 
operation and following the injection of histamine these values declined 
progressively in 17 In one of the lemainder the use aftei histamine was 
comparatively small and the pn studies of the gastric mucosa wei e at variance 
wnth the gastric analysis — the formei showing a definite rise of pn In only 
one animal w^as there evidence of mci eased acidity after histamine, 111 
both the gastric analyses and pn studies following operation When the graft 
in this dog was investigated it w'as found to be the seat of circulatory 
disturbances, the mucosa being inaikedl}'’ congested and supeificiallv ulceiated 
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^oluIllc US JEJUNAL GRAFT IN STOAIACH 

Iheie ^\ele numcioub adhesions about the pedicle This giaft, the only one 
bv the \^ay to show such chstuibances, ^^as lesected and a iicsh giaft 
implanted, following which the usual findings aftci jejunal giaft supeivened 
While this animal is included m the senes summaiized m Figuies i 
and 2, the lesiilt w'as a decided exception, and, inasmuch as it was conected 
by leoperation, seems to have been due to an eiioi m technic It does 
serve to emphasize, howevei, the need foi most meticulous legaid foi the 
circulation of the giaft wFen it is implanted 

It appeals, therefoie, that in these animals the implantation of pedicle 
jejunal giafts in the w^all of the stomach has tended to low^ei the tasting 
acidity and has reveised oi consideiabl) diminished the noiinal rise in acidity 
following the injection of Instamme In all but one instance in which the 
aveiage pn of seven legions of the gastiic mucosa was studied the normal 
fall in pii following histamine was conveited into a rise m tins value 

As to the time of their development, these changes vai}^ somewdiat even 
in the experimental animals, the pa changes coming on in some as early 
as 45 minutes after implantation ot the giaft, while m otheis, foi no 
appaient reason, these as w-ell as the alteiations m acidity in the gastiic 
analysis may be delajed. foi se\erai weeks The alteiations peisist for as 
long as w'e have kept animals which is now' more than tw'O and one- 
half years 

In tw'o dogs, w'hen the eftects of the transplant w'eie established, it 
w'as then resected and fuithei pn measuiements earned out These in- 
dicated that w'lthin one hour one animal show'ed the noimal response to 
histamine, although the fasting pn remained slightly highei than befoie the 
graft w'as implanted In the othei the pn oi the gastric mucosa and its 
leaction to histamine coriesponded to the noimal findings in all lespects 
In ordei to compare the reaction of the animals subjected to this 
operation to some secietoiy stimulus othei than histamine injected mtia- 
musctilarly, a modification of the method of Bloomfield and Keefei,"* employ- 
ing alcohol as the secretogogue, was used 

Method Dogs of both sexes weie used after having leceived no food 
for 24 hours Following the aspiiation of a fasting specimen of gastiic 
juice, 50 cc of seven per cent alcohol w'as admmisteied and allow'ed to 
remain m the stomach foi ten minutes The entire contents of the stomach 
was then aspirated , 20 cc w as w ithheld and the 1 emamdei 1 eplaced m 
the stomach Ten and 20 minutes later the same proceduie was repeated 
All specimens w'ere titrated iMth o i noimal NaOH m the usual manner 
In Figure 3 the lesults of this test m five noimal animals are compaied 
w'lth those m seven wuth pedicle jejunal grafts It wall be seen that the 
marked increase m acidity wdneh follow'ed the instillation of alcohol m 

the controls is almost completely lacking aftei the implantation of pedicle 
jejunal grafts 

Having established the fact that pedicle giafts of jejunum produce 
tiese effects the question quite natuiall) aiises as to wdiethei grafts fiom 
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olhci levels of the tiact possess similai piopeities A senes of animals 
weie, Ihcicfoie, assembled, tlnee with li.inspl.mts fiom the tiansvcisc 
colon, thiee with ileal, foui with duodenal and five with jejunal gialts, 


and the gastiic analyses and mucosal 


EFFECT OF PEDICLE JEJUNAL GRAFT 
ON GASTRIC ACIDITY FOLLOWING ALCOHOL 


average average 

5 NORMAL ANIMALS 7 ANIMALS 

WITH JEJUNAL 

IOC GRAFTS 



COLUMN I FASTING SPECIMEN 
FREE ACIDITY COLUMN 2 0 10 MIN AFTER ALCOHOL 

□ COLUMN 3I0-20MINAFTER ALCOHOL 

COMBINED ACIDITY COLUMN 4 20 30 MIN AFTER ALCOHOL 

Fig 3 — Effect of pedicle jejunal graft on gastric 
acidity folloviing alcohol 


pii after histamine compared with 
those m five normal animals These 
studies indicate that the property of 
depi essing gasti ic acidity is confined 
to grafts from the jejunum and duo- 
denum wMth the former possessing 
somew'hat greater activity (Figs 4 
and 5) 

Since gastro-enterostomy is so 
frequently effective in relieving 
symptoms of peptic ulcer, it would 
seem important to compare the 
secietory effects of this operation 
with those follow'ing implantations 
of a pedicle jejunal graft To this 
end the followmig series of expeii- 
ments weie carried out 

Aftei preliminary gastric an- 
al) ses, SIX dogs w^eie opeiated upon 
and the response of the pn of the 
gasti ic mucosa to histamine detei- 
inined in the mannei described 
above Following this, an anteiior 
gastro-enterostomy w^as performed 
and a period of fiom one to thiee 
w'eeks permitted to elapse, at the 
end of wdiich time these deteimiiia- 



tions w^eie lepeated The bow^el about the gasti o-entei ostomy stoma w'as then 
converted to a pedicle giaft by dividing the jejunum approximately tw'o 
centimeteis pioximal and distal, and inverting tow^aid the stoma beneath 
mattiess sutures of medium silk The continuity of the intestine w'as then 
leestablished by end-to-end anastomosis 

The results of these expeiiments aie showm in Figiiies 6 and 7 In 
each instance, gastro-entei ostomy failed to modify mateiially the response 
to histamine as it appealed m the gastric analysis, whereas, after the con- 
veision of the bow^el about the stoma to a pedicle graft the histamine 1 espouse 
W'as reversed m all animals and the fasting fiee acidity markedly low'eied 
m all but one 

In five out of six, gasti o-enterostomy failed to prevent a marked diminu- 
tion of the average pn of the mucosa of seven different regions of the 
stomach after histamine, but following conversion to a pedicle giaft the pn 
rose progressively Avhen histamine w'as administered 
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EFFECT OF PEDICLE GRAFTS ON THE pH OF THE GASTRIC MUCOSA 
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EFFECT OF PEDICLE GRAFTS FROM DIFFERENT LEVELS OF THE INTESTINAL TRACT ON THE GASTRIC ANALYSIS 
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The results cited above have led us to postulate the presence in the 
jejunum of a substance which, when introduced into the lumen of the 
stomach, depi esses the aciditjt of the gastiic juice Although such a sub- 
stance has not yet been identified, evidence of its piesence in w’ashings of 
isolated jejunal loops has been obtained m the following experiments 

In five dogs, a segment of jejunum was isolated as foi a pedicle graft 
but instead of being opened and implanted m the wall of the stomach, 
one end of the segment w^as inverted undei mattress sutures and the other 
end brought out through a stab w’ound at one side of the celiotomy incision 
In three animals, the segment w'as approximately six centimeters m length 
while in tw'O it measured 12-15 cm The contmuit)’- of the intestinal tract w'as 
reestablished by end-to-end anastomosis 

After at least two w^eeks had elapsed to allow' for healing these loops 
w'ere w'ashed out tw'o or three times wuth 25 cc of normal saline and the 
washings collected To study the ellects of such washings on gastiic secre- 
tion the following technic w'as employed 


Gastric 

AnalT’sis 


BCB ECl 

ee 

Parietal 

Sacretion 


EonFarletal 

Secretion 


Table I 


EFFFCT OF WASHINGS OF ISOLATED JETLNtL LOOPS ON GASTRIC SECRETIONS 
I II HI 

Experimental Series ) orcal Control Series Saline Control Series 


Fastlne 

0-10 ttln 
after Hist 

10-20 nln 
after Hist 

PastlBg 

0-10 uln 
after Hist 

10-20 bin 
afUr BiPt 

Fastlmf 

0-10 tdo 
after Hist 

10-20 bin 
after Hist 

m 

m 

m 

KB 

m 

OB 

m 

m 


iBl 

m 

B9 

1^1 

BB 

1 

QS 

m 

m 

IZ 

cc 



SB 

15 

cc 

m 

U 

cc 



BB 


25 


B9 







^B 


IS 

24 96 

U 26 

35 37 

29 02 

29 71 

51 46 

1 

18 72 

«0 76 

B 

2 06 

1 02 

2 08 

194 

2 70 

2 45 

1 64 

2 16 

5 41 

4 16 

2 04 

5 

B 

4 95 

8 SB 


6 46 

I' 15 

7 84 

9 96 

U 10 


6 05 

6 42 

0 28 

U ^4 

9 05 


I Average Talues in IS Anisele 
II " ■ . 8 p 

HI ■ « p 8 • 

Normal dogs which had had at least one previous gastiic analysis and 
w'hich had been trained to tolerate a small stomach tube were used as 
subjects, having been without food for 24 hours After collecting the normal 
fasting secretion during a period of ten minutes the entire 25 cc of jejunal 
washings w'as instilled into the stomach and allowed to remain for ten 
minutes when it was removed, together wuth the gastiic secretion during 
this period At this point, the dog received the usual one milligram of 
histamine intramuscularly, and further specimens representing the secretorj 
response over ten-mmute periods were collected 

Two of the animals. Nos 1925 and 2072, received the washings from all 
five donor animals at different times, w'hile the other three w'ere used to test 
the material from one or more loops In all, 15 tests designated m Table I 
as Series I w'ere made in the fir^e recipient animals 
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The jejunal washings weie found to be of pu 5 9 to 6 5 and to contain 
piactically no titiatable buflei, as the pn was alteied b) thiee points when 
one drop of N/io HCI 01 N/io NaOH was added to five culiic centnneteis of 
the washings 

As controls, eight animals. Senes IT, including the five used as lecipients 
in the experiments, were subjected to one 01 more loutine gastiic analyses, 
and additional analjses. Senes III, exactly compaiable to those used to 
test the jejunal washings except that saline alone w^as instilled, w'ere tamed 
out m eight animals including Nos 1925 and 2072 of the expenmental senes 
While the specimen remored 
at the end of the ten-minute 
penod during which the jejunal 
w-ashings remained m the stom- 
ach alwa)s showed a marked 
reduction m acidit) it seemed 
possible that the tactor of dilu- 
tion w ith an indetei minate poi - 
tion of the 25 cc of matenal 
instilled might ha\e influenced 
the result, and foi the com- 
parison with the control series 
this specimen was theiefore, 
discarded 

The comparative results 111 
the experimental and contiol 
senes appear in Table I From 
these figures it is appaient that 
while the injection of one milli- 
gram of histamine is followed 
by a considerable rise in lioth 
the flee and total acidities ni 
both of the contiol series, theie 
IS a definite fall m each of these 
values wfiien the injection fol- 

OWS the instillation into the Pjp 5 — Gastnc anaUsis before and after gastro 

stomach of washmo-c nf icnlotf»rl enterostom> and following conaersion of the jejunum 
Ml 01 ISOiaiea anastomosis to a pedicle graft 

jejunal loops By the end of 20 

minutes the eftect of the instillation has w'oin oft to some extent (Fig 6) 
Recognizing that the facts so far piesented indicate that pedicle jejunal 
grafts exeit definite effects in low^eiing qualitatively the acidity of the gastiic 
secretion, it remains to be showm whether the reduction is also quantitative, 
and w'hether the effects aie produced through neuti alization of gastiic juice 
or actual inhibition of secretion Evidence beaiing on these jDoints is avail- 
able from several sources Fust, the data on the pu of the gastiic mucosa 
indicate inhibition rather than neuti alization, paiticulaiH since it can be 
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demonstiated that the changes take place even when the p) loins is com 
pletely obstructed The same impiession is gained by noting m the gastric 
analysis the total milhgiams of acid sccieted and the concentiation per 
cubic centimetei Reference to lable II, containing the data concerning 
the gastric secretion in ten typical expeiiments, show^s that the total amount 
of HCl secieted, wdiich noimallv inci eases consideiably following the adminis- 
tration of histamine, lemains at oi below’ the fasting level in animals with 
jejunal giafts Obviously the concentration of acid as measuied m milh- 
giams per cubic centimetei follows the figuies foi the total acidih 

Table II 

GASTRIC SECRETORY FINDINGS BEFORE AND AFTER IMPLANTATION OF PEDICLE JEJUN \L CRAFT 
COMPLETE DATA IN TEN CONSECUTIVE EXPERIMENTS 
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Some very interesting information m this connection is obtained by 
estimating the activity of the acid-secretmg cells by the method used by 
Giay, Bradley and Ivy ^ This is based on the statement of Lui, Yuan and 
Lim,'’ and on that of Hollander,' that the secretion of the oxyntic cells con- 
tains approximately six milhgiams of HCl pei cubic centimeter Thus, by 
dividing the total milhgiams of HCl secreted by six, one obtains a figuie 
representing the volume of “parietal secretion”, and by substracting this 
from the total volume, an index of the mucous and pyloric or diluting secre- 
tion While these figuies cannot be considered as more than estimated, they 
do provide a rough gauge of the activity of these cells 

These values, as they appear m Table II, suggest, also, that the activity 
of the acid-seci etmg cells m i espouse to histamine is definitely diminished 
follovrmg the implantation of a pedicle jejunal graft, wdnle that of the re- 
maining cells is somew'hat increased 

The pn oi the mucosa of the graft itself has been betw’een 6 i and 6 9, 
and, as noted above, the secietion of comparable areas of jejunum in isolated 
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loops ^\as always at about that le\el (5 9 lo 6 5), and contained no appieciabk 
buller on titiation 

Fuithei eMdence is also obtainable in the total ehlonde values wdiieh, wdiile 
ne\ei inci eased aitei implantation of jejunal giafts, lla^e on a numbei of 
occasions shown a maiked deci ease— pi opoi tional 111 some instances to the 
tall m acid secretion 

The burden of evidence suggests, theiefoie. that pedicle jejunal gialts 
implanted in the wall of the stomach also cause a quantitative leduction in 
the acidit) and pioduce then eftects chieflc b) actual inhibition of the acid 
secieton mechanism— at least so fai as its normal 1 espouse to stimulatoi) 
eftects of histamine or alcohol is concerned Fuithei than this, it would be 
unwise to go, based on expeiiments completed at piesent, but w'ork now in 
pi ogress IS shedding additional light on the factors responsible and then 
mode of action. 

Since It seems probable that gastiic acidit}, 01 something closel) asso- 
ciated wnth it, IS one of the impoitant factois in the etiology and sympto- 
matology of peptic ulcei, it occurs to one at once that such an opeiation as 
we are discussing should be tested m the laboratorj both as to its influence 
in precenting the formation of ulcers pioduced under conti oiled expeii- 
mental conditions and in the cure of such ulcei s if, and wdien, pioduced 

Experiments of this sort weie carried out, and the results have been 
reported*^ It was found possible to pioduce duodenal eiosions 01 ulcerations 
uinforml) in nine control animals through the injection of a histamine- 
beeswax mixture (Figure 9) aftei the method of Varco and his associates,® 
w hereas w e w ere conipletel} unable to bring about such changes in any of the 
three animals with pedicle jejunal grafts tested The gastric analyses in suen 
animals were also of interest, and the data from tw'o animals with jejunal 
transplants and twm controls are recorded in Table III It w'lll be seen that 
not onk IS the fasting free and total acidity markedly lower in the trans- 
plant animals than m the controls despite the prolonged exposure to hista- 
mine, but the normal response to the injection of one milligram of histamine 
IS reversed Such experiments present strong evidence of the efficacy of 
pedicle jejunal grafts in the wall of the stomach m preventing the formation 
of ulcers under strenuous experimental conditions and also in nullifying, 
in some waj, the otherwise powerful effects of the prolonged administration 
of histamine on gastric acidit) 

To test the curative effects of such grafts the histamine-beesw'ax mixture 
was administered to two animals until bloody stools were noted They 
were then operated upon, and erosions m the duodenum similar to those 
seen m other animals observed through duodenotoniy This was then 
dosed, and a pedicle jejunal graft implanted in the w^all of the stomach 

ne animal died of broiicliopneumoiiia 24 hours after operation but, in the 
otier, autopsy three weeks later showed the duodenum (Fig 10) to be 
completely normal, despite the fact that the administration of the histamine- 
leeswax mixture m the same dosage had been continued throughout its life 
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Table III 

COMI ARISON OI GASTRIC ANALISIS AFTER THE INJECTION OF 120 
MG or IIISTAMINF niOSniATF DAILT FOR 30 DAYS, IN ANIMALS 
Y\ ITII AND YYirilOUT PFDICI I JFJUN YL CRAI TS 


10 min after 20 mfn after 
Fasting Histamine Histamine 

Dog //1704 
(Graft) 


Free 

50 

40 

0 

Combined 

38 

3Z 

25 

Total 

88 

72 

25 


Dog fivni 
(Graft) 

Free 

Combined 

Total 


30 

30 

60 


28 

£4 

52 


18 

22 

40 


Dog itVllO 
(Control) 


Free 

70 

70 

102 

Combined 

40 

so 

40 

Total 

110 

120 

142 


Dog /i'1801 
(Control) 


Free 

70 

74 

90 

Combined 

38 

40 

30 

Total 

108 

U4 

120 


pH OF GASTRIC MUCOSA BEFORE AND AFTER GASTROENTEROSTOMY AND 
FOLLOWING THE CONVERSION OF THE JEJUNUM ABOUT THE ANASTOMOSIS 


7 


6 


5 


A 


3 


2 


I 


NORMAL 

CONTROL 


TO A PEDICLE GRAFT 


AFTER 

GASTROENTEROS- 

TOMY 


AFTER 

CONVERSION 




10 MIN AFTER HISTAMINE 



20 MIN AFTER HISTAMINE 


Fig 7 — />ii of gastric mucosa before and after gastro 
enterostomy and following the conversion of the jejunum about 
the anastomosis to a pedicle graft 
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A sample of gastnc juice obtained at the tune of cluodenotomy m this 
animal showed fasting fiee acidity of 80°, and a total of 130° Ten days 
aftei the implantation of the jejunal giatt, and despite the continued admmis- 
tiation of histamine, the fasting iiee acidity was 34“. and the total 62°, 
both values falling still furthei aftei the additional injection of one milhgiam 
of histamine phosphate mtiamusculaily Fuithei evidence of the influence 
of such grafts m healing iilceiated aieas is seen in oui experience w’lth 


ErreCT of washings of isoiatco jejunau uoofs on oastnic secretion 



SERIES A 15 CXPtRJMEWTS 

SERIES B B HISTAMINE 

CONTROLS 
SERIES C BSAUNE CON 
TR015 


t FASTING SPECIMEN 
2 0 10 MIN AFTER HISTAMINE 
S 10 20 • 


HH FREE ACIDITY 
[ I COMBINED ACIDITY 


Fig 


8 Effect of washings of isolated jejunal loops on gastnc secretion 


Pavlov and Heidenhain-poiich animals A mimhei of these dogs developed 
ulceration about the external opening, which piomptly healed wTen a graft 
was implanted in the w^ali of the pouch Howevei, despite the apparent 
coil elation between the acid-mhibiting action of jejnnal giafts and their 
preventive and curative eftects in expenmental ulcer m animals, we must 
be cautious m accepting this as the actual mode of action As we know 
rom follow -lip studies in patients suftenng fiom ulcei man} patients aie 
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completely cined, both symptomatically and objectively, despite acid values 
111 the gastric analyses as high or highei than before operation 

Such results m animals naturally suggest the application of the method 
111 the elective opeiative tieatment of peptic ulcei in man, but before discussing 
the lesults of such an application we must mention certain other experimental 
findings peitinent to the selection of cases and to the eialuation of the 
method First of all, it has been demonstrated repeatedly in animals that 
111 the piesence of a gasti o-entei ostomy oi pyloroplast}^ the inhibitory effect 
of the pedicle jejunal giaft is lost The reasons foi such an effect are not 
deal, but, obviously, until this can be fuither claiified it nould exclude fioni 
considei ation foi operation all cases i\ith oiganic pylonc obstiuction In 
addition, ve have excluded cases of duodenal ulcei \Mth any niaiked bleeding 
as unsuitable, at least until the efficacy of the method shall have been better 
established We are left for the present, theiefore with h\o main indica- 
tions Fust, the group of uncomplicated ulcei s which have resisted pio- 
longed medical tieatment, and, second, cases of maiginal ulcei following 
gasti o-entei ostomy, without pylonc obstruction It may be that furthei 
investigations wull extend these indications, but it bas seemed wise to 
limit the proceduie to these groups, for the time being at least 

In the gioup of maigmal ulcei following gasti o-enterostomy, the operatioij 
IS particularly useful, as it is much less of a piocedure than the dismantling 
of a gastro-enterostomy follow^ed b)'^ resection In these cases the gastro- 
enterostomy IS taken dowm, the edges of the gasti ic side of the anastomosis 
excised, and a pedicle jejunal giaft implanted into the defect 

Soiesi,^^ in 1915, leported the use of pedicle grafts of ileum in the 
plastic lepair of pyloric stenosis due to ulcer in i8 cases, without a death, 
as w^ell as in ii instances of defects of the stomach and intestines wuth only 
one leak Although his pioposals aie puiely from the point of view^ of 
plastic piocedures and, as w^e now' know', since the ileum w'as used, could not 
have had the effect noted w'lth jejunal giafts his leport selves to indicate 
the possibility of suivival of such a graft 

Our expel lence in animals indicates that if due caie is taken to assuie 
an adequate blood supply to the giaft, it survives and is tolerated veiy 
well This confirms the w'ork of Diagstedt and Vaughn,^- w'ho implanted 
giafts from vaiious levels of the intestinal tract and fiom other organs, into 
the stomach to study then survival and the effect of the noimal gastric 
secretion upon them, finding that all such giafts suivived w'lthout evidence 
of pathologic alteration w'hen then ciiculation was intact This lesistance 
to digestion by hydiochlonc acid-pepsin mixture in tbe gasti ic juice in 
noimal concenti ation is an attribute shared bv many tissues w'hen their 
nutrition is normal 

It may properly be asked, however, whether such grafts can survive, 
W'lthout injury, the effects of abnormal gasti ic secretion such as is met 
W'lth in the piesence of peptic ulcer The only evidence w'hich w'e have bear- 
ing on this point is the fact that such a giaft has survived w'hen implanted 
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Figs it 17 Illustrating the steps in the oper'tivc procedures 
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TEJUNVL GRAFT IN SIOMACH 


IS past, ho\\e\ei. the nsk should be maikedly i educed as the efteet of the 
gi aft IS to maintain the acid at a lou ei le\ el and to modulate matei lally any 
tendency to rise as the result of vaiious stimuli This must be taken into 
consideiation in evaluating the results of this operation in clinical cases 
of ulcei 

The opeiation as perfoimed in clinical cases has been essentially the 
same as that in animals, with minor modifications The steps in the pio- 
cedure are as follows 

TECHNIC OF OPER VTIVE PROCEDURES 

(1) Either an upper left lectus or a tiansverse incision acioss the epi- 
gastrium gives adequate access to the operatne site After elevating the 
tianverse colon, a \ertical incision is made just to the left of the middle 
colic artery and extending from the base of the mesocolon upward as fai 
as is safely possible Thiough this opening the posterioi w^all of the stomach 
IS delivered and the edge of the mesocolon sutured about an area some ten 
centimeters in diameter Four ti action sutuies aie placed in the w^all 
of the stomach at the angles of the site m which the graft is to be im- 
planted (Fig II ) 

(2) The selection of the donor site foi the jejunal graft is, w'e believe, 
one of the most important steps in the entire operation, not because the 
property of influencing the gastric secietion appears to be confined to any 
narrow^ segment of jejunum but because gieat care must be taken to 
select an area in which the distribution of vasculai supply is such as to 
assure adequate circulation to the graft aftei transection of the bow^el and 
the mesojejunum as far down as the aiching branches of the supeiioi 
mesenteric vessels Since these latter couise in the mesojejunum from tw^o 
to five centimeters from the bowel, an incision between the shorter blanches, 
as indicated in Figure 12, gives an adequate pedicle for the graft 

(3) When the appropriate site has been selected, usually about 23 to 
30 cm from Treitz’ ligament, this segment of jejunum is isolated bv dividing 
between pairs of Kocher clamps The continuitv of the intestine is restoied 
by bringing together the proximal and distal clamps catidad to the graft 
and performing an end-to-end anastomosis using mattiess sutures of silk 
(Fig 13) 

(4) The Kocher clamps are now lemoved fiom the isolated segment 
which IS appioximated at a point on its supenoi surface about one centimeter 
from the antemesentenc border to the lower 1 c lesser cuivatuie edge of 
me Site previousl)’- selected m the posterior w^all of the stomach, using a 
continuous suture of silk (Fig 14) 

(3) The isolated jejunal segment is now opened by excising approxi- 
mately I 5 cm of its circumference at the antemesentenc border and all 
bleeding points carefully ligated with No 00 plain catgut (Fig 14 inset) 

(6) An area corresponding to the size of the opened segment of jejunum 
IS now excised from the posterior wall of the stomach one boidei being 
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along the supeiioi maigm of the pedicle giaft A continuous lock-stitch 
of No I chiomic catgut is placed as leintoi cement of the continuous silk 
suture (Fig 15) 

(7) The lemainmg edges of the giatt aie appioxunated to the boideis 
of the defect in the gastnc uall b} means of mattiess sutuies of silk (Fig 16 ) 

(8) The bowel, just pioximal and distal to the end-to-end anastomosis, 
is now tacked to the wall ot the stomach at the site of the giaft, and two 
seiosal sutuies of fine silk placed between the edges of the mesojejunal defect 
at the site of anastomosis and the edges of the mesenteiic pedicle of the 
giaft (Fig 17) This IS done to pieient the jejunum, when filled, fiom 
exciting ti action at an angle on the pedicle of the giaft 

CaSE REPORTS 

Case I — N Y H Histoij No 270902 V G, a 20-year-old girl, was admitted 
to the New York Hospital because of recurrent epigastric pain of five years’ duration 
Two and one-half cears pre\ioush an actnc duodenal ulcer w'as demonstrated roent- 
genographicalh The symptoms at first responded to medical treatment but recurred, 
and, despite a careful dietarj regimen, became much w'orse during the tw'o months 
prior to admission There had never been any vomiting noi any bleeding fiom the 
gastro-intestinal tract Roentgenologic examination just before operation revealed the 
duodenal cap to be defimteU defectne with distinct cratei formation The secretorj 
studies before operation are showm in Table IV 


Table IV 

G4STRIC SECRETORY FI^DI^GS BEtORE AND AFTER IMFLANTVTION OF PEDICLE GRAFT IN PATIENT V G 

(CASE 1 ) 
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5584 
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At operation, February i, 1943, an ulcer w’as found in the duodenum, with a 
crater approximately one centimeter across This was surrounded bj' an area of 
induration some four centimeters m diameter A pedicle jejunal graft was implanted 
in the posterior wall of the stomach bv the technic described abo\e 

The postopeiatne course w’as entirely umemaikable, and all the ulcei sjinptoms 

515 




ANDRUS, LORD, Tu, AND SIEFKO 


Aiinils of Sur^crj 
October 1943 


have been toinpletdj lelicveci She was discharged from the hospital on the 19th 
postoperative day, and leturned to her work as a typist six weeks after operation 
Repoit of the roentgenograms taken 
on the 17th postoperatne day states 
“In contrast to picvious exanimi- 
tions, m w'hich the duodenal cap 
ahvays appeared defective, the films 
on this occasion show'ed it to be 
entirely normal m size and shape 
This certainly suggests marked im- 
piovement” (Fig 18) 

The gastric anal3'ses since opei - 
ation have showm a gradual decline 
111 free aciditv after histamine — this 
value leaching 82° one w'eek after 
operation, 66° on the 19th da}, 
and 15° on the 35th dat The secre- 
torj' findings five w’eeks after opera- 
tion are shown in Table IV Dur- 
ing the intervening period, these 
figuies trended steadily downward 
and have remained at or about the 
low' level since that time In this 
case, also, the e\idences of dimin- 
ished activity of the acid secretoiv 
mechanism is stiikmg These appear 
in the total chloride values before 
and after operation and in the total 
milligrams of hydrochloric acid se- 
creted during 30 minutes after the administration of one milligram of histamine phosphate 
intramuscularly, w'hich amounted to 20023 mg just befoie operation, and W'as onh 
5195 nig five w'eeks later In the interval, this patient, like the others w'hich we have 
been able to follow closely, had a considerable quantitative hypersecretion, although the 
gastric juice secreted contained less free and total acid 

The result in this patient has been excellent in the three and one-half months 
dining W'hich she has been observed When seen on May 5, 1943, she had gained 15 
pounds m weight, and her gastric analysis show'ed no free HCl in the fasting specimen, 
with a rise to only 15° 30 minutes after histamine The total HCl secreted m the 
same period was only 1969 mg 



Tig 17 

I irs II 17 — Ilhistr-iting the steps in the operitnc 
protediiic (Cont ) 


Case 2— -N Y H History No 324713 V Z a 50-year-old w'hite, married, 
Lithuanian electrician, who had had svmptoms of duodenal ulcer for three j'ears 
This pain had been accentuated with hunger, and at first was relieved bv taking 
soda His habits made dietary treatment of the ulcei impossible, as he indulged freelj 
111 both alcohol and tobacco, and he w'as, therefore admitted to the hospital Roent- 
genologic studies show'ed a defective duodenal cap and evidence of duodenitis (Fig 19) 
Examination also revealed hypertensive cardiorascular disease, benign prostatic hjper- 
trophy and hepatomegaly The gastric secretory findings before operation are shown 
in Table V He was placed on a stiict dietary regimen, w'ltli powders, but as his symp- 
toms continued operation w'as decided upon 

At operation, March i, 1943 a large ulcer was found located on the superior 
and posterior surface of the duodenum The crater w'ould easily admit the tip of the 
forefinger, and was surrounded by an area of marked induration A pedicle jejunal 
graft W'as implanted bj' the usual technic 

516 









ANDRUS, LORD, In, AND SIEFKO 


Vninls of 
October 1913 


Following operation, he was compIetcK relieved of his sj'mptonis, and was dis- 
charged on the 17th postopeiative day Nine weeks after operation he had gamed 
25 pounds in w'cight, was still symptom-free, and wms anxious to return to w'ork 
Although the gastric aciditj fluctuated somewhat, there has been a definite reduction, 
and the findings on the latest analysis, nine w'ceks postoperative, are show'ii in Table V 
Heie, it will be seen that not only aie the values foi fiee and total aciditv considerablj 
reduced, but the same trend is reflected in the total chlorides of the gastric juice 

Case 3 — N Y H History No 318194 C F, a 52-jcai-old, wdiite, mairied 
Ameiican clerk, was first obseived m the Out-Patient Department and complained 
of severe epigastiie pain coming on two houis after meals, which w'as relies ed 
by eating These symptoms had been present intermittently for tw'O yeais before he 
was admitted to the hospital for the fiist time m May, 1942 On that occasion, he 
W'as much relieved by diet, and svas discharged after one w'cek, and W'as referred to 
the Out-Patient Department The symptoms recurred in Januarj, 1943, and increased 



Fig 19 — Case 2 — Pre iiul postop(nti\c loentgenognms of Patient V Z 


in seventy despite intensive medical tieatment On this occasion, there was consider- 
able tenderness and some voluntary spasm in the epigastrium Roentgenograms, March 
i5j i943> revealed a large duodenal cap w'lth a good-sized ulcer at the base Physical 
examination revealed generalized artenoscleiosis, w'lth hypertension Gastric secretory 
findings before operation show'ed fasting free and total aeidity values of 25° and 
46°, respeetively, rising to 79° and 96° within 30 minutes after histamine 

At operation, Mareh ig, 1943, the uppei abdomen w'as found to be the site of 
numerous fibrous adhesions in w'hich the pylorus and first portion of the duodenum 

were buried However, it was possible to palpate an ulcer on the posterior duodenal 

w'all, with a definite crater Considerable difficulty w'as experienced m elevating the 
transverse colon because of the adhesions, and the mesocolon was markedly shortened 

The posterior aspect of the stomach w'as also the seat of many adhesions which had 

almost obliterated the lesser peritoneal sac These w'ere eventuallj seveied, and the 
operation performed as outlined 

His postoperative course was entirely smooth, and he has been free of any s>mptoms 
referable to his ulcer Incomplete gastric analysis, ten days after operation, showed 

518 


^o?llmc IIS 
Jsumbcr 4 


TEjUNAL GRAFT IN STOMACH 


the free acid lalues to be considerably lower than before Fuither studies have been 
impossible thus far, as the patient left town befoic these could be undertaken 

The result m this case has been good as fai as symptoms aie concerned, but until 
further information can be obtained, the cftccts of the pioceduie on gastric secretion 
must be considered as uncertain 

■Case 4”N Y H History No 324166 L G, a 47-year-old colored w'oman had 
had epigastric distress after meals for nine years, which had been tieated by diet and 
Sippj tablets This pain was intermittent in cliaiactei, and was accentuated on taking 
fried or fattv foods Roentgenogranis showed an active duodenal ulcer The gastiic 
secretori findings are shown in Table VT The patient was placed on a modified 
Sippi regmien, with powdeis, and kept on stiict bed lest This failed to iclieic hci 
symptoms, liowe\ei, and operation was decided upon 


Table VI 

CASTWC SECRETORA FIAOISCS BEEORE AM) VrtER IMPLANTATION OE PEDICLE GRAPT IN PATIENT L G 

(case 4) 


Gastric 

Analysis 


Dgo ECl 

Ega HCI /cc 

Parietal 

Secretion 

KonParletal 

Secretion 

Total Cl K/L 

Heutral 01 


Fasting 

0-10 cin 
after Hist 

10-20 oln 
after Hist 

20-50 oln 
after Hist 

Fasting 

0-10 Bin 
after Hist 

10-20 Bln 
after Hist 

20-S0 Clin 
after Hist 

Vol 

25 

cc 

0^>F 

Vol 

SO 

cc 

22’F 

Vol 

25 

cc 

39>F 

Vol 

20 

cc 

L 

SS’F 

Vol 

142 

cc 

zzo? 

Vol 

23 

cc 

27‘>F 

Vol 

6 

cc 

30’F 

Vol 

28'>F 

5“C 

25»C 

21’C 

27*C 

U’C 

lO’C 

8’C 

94 

cc 

11“C 


45')T 

60’T 

82>'l' 

40’T 

37<>T 

38“T 

5ff>T 

z 74 

49 27 

54 75 

59 86 

207 32 

31 06 

8 32 

135 81 

u 

1 64 

2 19 

2 43 

1 46 

1 35 

1 $9 

1 42 

46 

8 21 

9 16 

9 98 

54 55 

5 17 

1 S9 

22 SO 

24 S4 

21 79 

15 87 

10 02 

107 45 

17 85 

4 61 

71 70 

90 

104 

U8 

155 

104 

97 

97 

85 

87 

59 

58 

55 

64 

60 

59 

46 

2260 

6120 

2950 

2700 

14768 

2231 

582 

7990 


At operation, March 24, 1943, a pedicle jejunal graft w'as implanted Since 
operation her sjmptoms have been entirely relieved, but up to May 3, I 943 > 40 days 
after operation, she had continued to show very high values for free and total acidity 
Similar findings have been observed for as long a period in other cases, wdiicli have 
later shown a diminished secretion It must, therefore, be said that, as of 40 days 
after operation, the symptomatic result has been good, but that studies of the gastric 
secretion must be continued before the ultimate result can be appraised 

SUMMARY AND CONCLUSIONS 

1 Experimental work is piesented which indicates that a pedicle graft 
of jejunum tvhen implanted into the wall of the stomach produces profound 
eftects on gastric secretion 

2 These effects consist in a reduction of the fasting fiee acidity and a 
marked dimmution, or actual leversal, of the noiinal response of the gastnc 
acidity to such secretory stimulants as histamine and alcohol 

3 Such effects are not produced by the ordinary gastrojejunostomy but 
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appeal promptly when the bowel about the stoma is converted to a pedicle 
giatt and the noimal continuity of the tract reestablished 

4 Grafts from the colon oi ileum are without such action, while those 
taken from the duodenum are eftective, but considerably less so than 
jejunal implants 

5 The presence of the factoi responsible can be demonstrated in saline 
washings of isolated jejunal loops, and accumulated evidence indicates that 
Its effects are exerted by actual inhibition of acid secretion, at least so far 
as the response to histamine is concerned, lather than by neutralisation 

6 Pedicle jejunal grafts have been shown to be effective both in the 
prevention and m the cure of expeiimental ulcers produced m dogs by the 
prolonged administration of histamine phosphate 

7 It has been found that the effects of a pedicle jejunal graft are lost 
m the presence of a gastro-enterostomy or pjdoroplasty 

8 The operation has been applied to patients wnth duodenal or maiginal 
ulcer, wnth excellent immediate clinical lesiilts in all, and w'lth gastric secietory 
changes in two of the three studied for a sufficient period after operation, 
wdiich are similar to the alterations seen in the expeiimental animals Since 
the third patient w^as the latest to be operated upon, it is entirely possible that 
similar changes may occur in her case 

9 It is suggested that if subsequent w'ork confirms these findings, this 
may constitute a new' approach to the problem of the surgical treatment 
of peptic ulcer 

10 This operation involves the transplantation of a portion of one 
organ of a physiologic system to a point elsewhere in that system, for the 
purpose of modifying the physiologic activity of the recipient oigan So 
fai as W'e aie aw'are, this utilizes a new' principle in the field of surgerv 
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’’ V'aico, R L, Code, L F, Walpole, S H, and Wangensteen, O H Duodenal Ulcer 
Formation m the Dog aftei Intianiiisculai Injections of a Histamme-Beeswax 
I^Iixture Am J Ph3Siol, 133, 475. 

Heuer, G J, Holman, C W, and Coopei, W A Peptic Ulcer Ten Years Experi- 
ence To be published 

Soresi A L Reconstruction and Repair of Abdominal Organs with Intestinal Graft- 
ing Surg, Gjmec & Obst, 20, 668, 1915 

Dragstedt, L R, and Vaughn, A III Gastric Ulcer Studies Aich Surg, 8, 
791, 1924 

Note At the time of returning the proof of tins paper the first four patients 
operated upon remain SMiiptom free and ha\e all resumed then occupations In addi- 
tion, the operation has been successfulh pei formed m six other patients The clinical 
riid laboratorj' findings in this latter group will be reported at a later date 


Discussiox — Dr Lestcr R Dragstedt (Chicago) A new observation that throws 
fresh light on the pathogenesis or treatment of gastroduodenal ulcer is always welcome 
\rost of the experimental studies of the past few }'ears are in hainion}' with the concept 
that the cause of ulcer is cxcessne continuous secietion of gastric juice both during 
digestion and, moie impoitantlj, during the intci digestive phase The copious secretion 
» at night, when the gastric- glands aie noimalh' quiescent, is especiall}' dangerous since 
the buffering effect of food is absent The cause of this abnoimal continuous secretion 
has not been detei mined, and it is here that the studies of Dr Andrus, and his associates, 
seem to me to be ^.ery important If it is due to the continuous formation m the body 
of histamine or some similar chemical substance, then w'e should expect, on the basis 
of this experimental w'ork, that the transplantation of a jejunal patch into the stomach 
would be a successful method of treatment On the other hand, if the continuous 
secretion is neurogenic m origin I should anticipate no beneficial effect I am inclined 
to favor the latter mcw' In 1932, Mathews and I implanted segments of duodenum 

into the stomach of dogs Valves were placed in the pylorus to prevent the backw'ard 

regurgitation of the duodenal secietions Under these conditions a typical perforating 
ulcer appeared in the duodenal transplant m one of the animals This would seem to 
indicate that the duodenal mucosa has less resistance to gastric digestion than the stomach 
mucosa While the situation in man may well be different from that obtaining in this 
experiment, nevertheless, it w'ould seem prudent to w^atch these patients caiefully for 
the possible formation of an ulcer m the jejunal transplant 


Dr j Shelton Horslev (Richmond, Va ) The woik that Avas done by the 
authois IS interesting I Avould like to ask Avhether they found that the substance 
AA'hich inhibited the secietion of acid in tlie stomach decreased in its potency from the 
duodenum doAA'n to the ileum, and also AA'hether it AA'ould be possible to prepare from 
the mucosa of the duodenum or jej'unum an extract AA'hich might be efficient in the 
treatment of peptic ulcer 

Does the application of duodenal or jejunal mucosa to the stomach, as in pyloroplasty, 
or partial gastrectomy, or posterior gastro-enterostomj', simulate the transplantation of 
a graft from the jejunum to the stomach^ 

After the Billroth-I tjpe of gastrectomj% Avhen much of the stomach has been re- 
moA'ed and the duodenum is flared open, it Avould seem that there AA'ould be ample contact 
betAA'een the duodenal mucosa and the stomach In Avhat respect does the grafting of a 
segment of the jejunum, A\ith its blood supplj’’ intact, differ from gastric operations 
m AA'hich the mucosa of the duodenum or jejunum is united to the mucosa of the stomach? 


Dr William DeW Andrus (closing) The experimental AA'ork Avhich Ave have 
earned on to date, although still incomplete, suggests that the substance responsible for 
these effects does not act as a normone, that it is not enterogastrone, and that it differs 
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fiom the substances contained in extracts of mucosa of the jejunum, with the possible 
exception of the “biodialysatc,” of Walawski Some features of the jejunal grafts 
suggest that histammase niav be the responsible agent, but so fai such histaminase as 
has been aiailablc to us has not been effective when placed in the liiincn of the stoinaeli 
Howevei, I do not feel that this can be excluded as j'et 

Fuither work is in progiess on the natuic of the effects of such grafts, then mode 
of action and their effects when secretory stimuli other than histamine or alcohol 
are used 
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GASTRIC HISTOLOGY AND SUBTOTAJ. GASTRECTOMY ‘ 
Abraham J Gitlitz, M D , and Ralph Colp, M D 

New Yonic, N Y 


FROM THE SURGICAL SERMCE AND THE I ABORATORIES, MOUNT SINAI HOSPITAL, NEW TORK, N \ 

The present concepts of the gross and histologic features of “banal” 
gastritis are based almost completely upon data acquiied fiom the study of 
resected specimens of the stomach These became available with the adoption 
of partial gastiectomy as the operation of choice foi gastric caicinoma and 
tor many cases of gastric, duodenal, and jejunal peptic ulcer The surgeon 
and pathologist previously hampeied by the rapid postmortem changes which 
occurred m the gastric mucosa weie now enabled, because of well preseived 
material, to accuratel}’’ study the histologic natuie of the changes in the 
mucosa of the stomach Then, too, gastioscopy subsequently increased this 
growing interest, for it soon became necessary to correlate the gastroscopic 
findings with the actual histology of the gastiic mucosa Although isolated 
cases of simultaneous gastroscopic and histologic analyses could be found in 
texts and periodicals, no systematic study had been undei taken until recently, 
when several investigators studied the resected stomachs of patients vho had 
been previously gastroscoped A few observers studied mici oscopically the 
biopsies obtained through the gastroscope Others, influenced by the findings 
in experimental animals attributed the gross and microscopic gastric mucosal 
changes to the ligation of the blood vessels and the action of acid upon such 
tissue deprived of its blood supply Their conclusions, if true, would not 
only negate many of the accepted basic histologic concepts of gastritis, but 
would naturally exclude the resected stomach and duodenum as source 
materials , I , , t 

This study was undertaken to deteimine whethei any histologic alteiations 
occurred in the stomach wall during the operation of subtotal gastiectomy 
The group consisted of 35 ward patients upon whom this operation was 
performed Duodenal ulcer was present m 25 patients, gastiic ulcer m four, 
jejunal ulcer m three, peptic ulcer of the esophagus in one, and gastiic 
carcinoma in two 

The preoperative treatment m all cases was essentially the same The 
patients were deprived of food for 14 to 17 hours before opeiation The 
stomach was gently aspirated and then lavaged with warm tap water by 
stomach tube four to six hours prior to operation A Levine tube was then 
introduced, left m situ, and aspiiated at intervals, so that a minimal amount 
of gastric secretion remained Following anesthesia, the abdomen was opened 
and a biopsy was obtained from the anterior wall of the stomach approxi- 
mately four c entimeters proximal to the pyloi us and tw o centimeters cephalad 

* Read by title before the Anieiican Surgical Association, Alaj 13-14, 1943, Cin- 
cinnati, Ohio 
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to the gieatei ciiivatuie In the eaiher cases a lubhei coveied intestinal 
clamp was applied acioss the biopsy site in uidei to avoid contamination of 
the peiitoneal cavity when the specimen Avas excised This piecaution Avas 
soon found to be unnecessaiy, so that m the majoiit}'^ of cases the anterior 
AA^all of the stomach in this legion AA'as gentlj’’ eleA'^ated AAith foiceps and a 
segment Avas excised Avith a minimal amount of tiauma The resulting gastric 
defect Avas then closed by an inveitmg continuous linen suture FolIoAving 
this the vasculai supply of the portions of the stomach and duodenum Avhich 
Avere to be lesected Avere ligated The De Petz clamp Avas then applied 
pioximal to the leentrant angle, the stomach AAas divided and the duodenum 
transected 


No of Cases 
10 
9 
6 

3 

4 
3 


Tadi r I 


Interval between Original 
Biopsy and Removal of 
Resected Specimen 
10-20 minutes 
20-29 minutes 
30-39 minutes 
40-49 minutes 
50-58 minutes 
Not recorded 


No of Cases 
30 
1 
2 
1 
1 


TAiiirll Interval between Removal 

of Resected Specimen and 
I ixation of Postresection 
Biopsy 
1-5 minutes 
6 minutes 
10 minutes 
15 minutes 
35 minutes 


The Intel val betAveen the oiigmal biopsy and the gastiic lesection vaiied 
fiom lo to 58 minutes (Table I) Aftei the removal of the surgical specimen 
additional pieces of gastiic w^all adjacent to the original biopsy Avere excised 
(Table III) This site A\as chosen because gastiitis pioduces only focal lesions 
m many cases, and any changes lelative to the surgical procedure might be 
expected to be moi e intense ai ound the pi eviously traumatized biopsy site The 
entile lesected specimen A\as then opened, desciibed, and fixed toto, usually 
Avithin 15 to 30 minutes after its lemoA'al The eaiher biopsies Avere fixed 
in Zenkei-foimol and foimalin and the later ones in Bouin and formalin In 
one case (Case 3) the gastric mucosa AA'as exposed to the an foi a penod of 
20 minutes Avhile the specimen Avas being desciibed This pioduced alteia- 
tions in the surface of the mucosa (Fig 3b) 

In describing the histologic findings of the original and post-resection 
biopsy specimens, the classification of gastritis piesented b}' one of us^ Avas 
employed 

A suivey of the mam featuies of each of these forms of gastritis is 
biiefly presented 

I Superficial Gastritis — The stioma of the papilla is infiltrated by plasma 
cells, eosinophils, Russell bodies and lymphocytes in the chronic fonn, and 
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Number i 

GLASSIFICATION OF GASTRITIS 

1 Supeijficial — focal oi diffuse 

a Acute — ^with oi without erosions 
b Chionic — ^with or without erosions 

2 Interstitial — ^focal or diffuse 

a Acute 
b Chronic. 

3 Ati ophic 

a Pioductive and infiltiative — ^basal 

1 Focal 

2 Diffuse 

b Infiltrative — ^ivith oi \\ithout follicle foimation 

1 Focal 

2 Diffuse, 
c Metaplastic 

1 Focal 

2 Diffuse 

d With focal hypeiplasia of necks oi pits and occasionally polyi) 
formation 

by pol} nioi plionuclear leukoc) tes in the acute type Edema of vai table degi ee 
is piesent in both acute and chionic supeificial gastiitis, erosions may occui 
in either 

2 Interstitial Gastritis — The stioma between the necks of the gastiic 
glands is infiltiated mainly by lymphocytes, which may foini laige aggiegates 
01 even follicles In severe intei stitial gastritis an increase in the collagenous 
fibeis of the stroma occurs Simultaneous ati ophic changes in the neck 
portions of the glands result in distoition of the aichitectuie of this legion 

3 Atrophic Gastritis — The greatest atrophic changes and alterations aie 
encountered m this type of gasti itis The increase m collagenous tissue of the 
stroma and smooth muscle fibers derived from the muscularis mucosae, usually 
accompanied by cellular infiltration, are always associated with an atrophic 
disappearance of glandular elements, whethei focal or diffuse These changes 
can be so extensive that the entiie mucosa with the exception of the 
surface cells may be replaced by infiltrated collagenomuscular tissue ("produc- 
tive and infiltrative type) oi lymphoid aggiegates or follicles (infiltrative type) 
or both In the latter, the production of tumorous masses or even pyloric 
obstruction (pseudohypertrophy) may be observed 

In the metaplastic form the surface epithelium, oi that of any poition of 
the gastric glands, may be replaced by intestinal, goblet, and even Paiieth 
cells These featuies aie associated with changes of the infiltiative, oi pio- 
ductive and infiltrative type The involved areas of the mucosa significantly 
altered and functionall}^ atrophic may show papular or did use thickenings 
(pseudohypertrophy) 


525 



GITI II Z AND COLP 


Amnls of bur^cry 
October 1943 


The liistologic findings m the onginal and postresection biopsies aie 
biiniinaiized in Table III Five cases aie iccorded in detail 


Tvntu lU 


^ ^ 'ft rS S C- I 

C CQ "* CQ aJ 

*? ’rt’rt o 

✓ 2c ✓ c « 

« 2 M ly tev 

(j ~ 4-1 r- ^ 


Histologic Diagnosis 
Tj pe of Gastritis**'* 


Oiiginal Biopsj 


Postrcscction Biopsj 


Chronic 
peptic 
ulcer of 
duodenum 


Antrum Superficial — acute and 
chronic 

Interstitial — acute and 
chronic 

Atrophic — basal moder- 
ate chronic infiltrati\ e 
and productive Focal 
metaplastic 


Superficial — chronic 
Interstitial — acute and 
chronic 

Atrophic — basal moder- 
ate chronic infiltrative 
and productive 


70H8+ M 23 Chronic 
peptic 
ulcer of 
duodenum 


Antrum Superficial — chronic 


Superfinal — chronic 


Interstitial — acute and Interstitial — acute and 


chronic 


chronic 


Atrophic — mild basal Atrophic — mild basal 
chronic infiltrativ e and chronic infiltrativ c and 


productive 


productiv c 


702S7 M 30 Chrome 10 
peptic 
ulcer of 
duodenum *■*■ 


Superficial — mild chronic Superficial — chronic 
Interstitial — focal sub- Interstitial — chronic 
acute Atrophic — basal chronic 

Atrophic — basal chronic infiltrative and pro 

infiltrative and pro- ductive 

ductive 


Jejunal 

ulcer 


Corpusat Corpus alT Z 
T Z Superficial — Chronic 

Interstitial — chronic and 
focal acute 

Atrophic — basal moder- 
ate chronic infiltrative 
and productive 
Antrum Antrim 

Superficial — chronic 
Interstitial — chronic vv ith 
atrophy and mild acute 
Atrophic — basal chronic 
infiltrative and produc- 
tiv e 


Corpus alT Z 
Superficial — chronic 
Interstitial — chronic and 
focal acute 

Atrophic — mild focal 
chronic basal infiltra- 
tive and productive 
Antrum 

Superficial — chronic 
Interstitial — chronic 
with atrophj 
Atrophic — basal chronic 
infiltrative and produc- 
tiv e Lymphoid folh 
cles 


70308* 


Chronic 
peptic 
ulcer of 
stomach 


Antrum Superficial — chronic and Superficial — chronic and 


focal acute 

Interstitial — chronic and 
focal acute 

Atrophic — basal chronic 
infiltrativ e and produc- 
tiv e Lj mphoid folli- 
cles Extensive meta- 
plastic 


focal acute 

Interstitial — chronic and 
focal acute 

Atrophic — basal chronic 
infiltrativ e and produc- 
tiv e L> mphoid folli- 
cles Moderated ex- 

tensive metaplastic 
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Table III (Conttnued) 

23 Clironic 8 40 1 Antrum Superficial — chronic 

peptic 
ulcer of 

duodenum Interstitial — chronic and 

focal acute 

Atrophic — basal subacute 
and chronic infiltrative 
and productive 


56 Chronic N R ff 25 5 \ntriiiu Superficial — chronic 

peptic 

ulcer of Interstitial — chronic 

duodenum-' * 

Atrophic — basal chronic 
infiltratu e and produc- 
ts e Focal acute 

35 10 Antrunr Superficial — clironic 

Interstitial — chronic and 
acute 

Atrophic — basal subacute 
and chronic infiltrative 
and productive Lym- 
phoid follicles 


43 Peptic 15 

32 

1 Corpus 

Superficial — chronic 

ulcer of 


near 

Interstitial — mild chronic 

duodenum 


T Z 

and focal acute 

m healed 



Atrophic — basal mild 

stage 



chronic infiltrative and 
productive 


28 

Chronic 3 

N R 

5 

Antrum 

Superficial — chronic 


peptic duo- 




Interstitial — chronic and 


denal ulcer 




acute 


(at line of 




Atrophic — basal moder- 


resection) 




ate chronic infiltrative 


Healing 




and productive 


erosion of 




Lymphoid aggregates 


duodenum 




and follicles (Com- 


proMmal 




plete replacement of 


to ulcer 




glands to necks in some 






foci ) 

43 

Ulcerated 7 

N R 

4 

Corpus 

Superficial — mild chronic 


infiltrating 



near 

Interstitial — mild chronic 


scirrhous 



T Z 

and focal acutei 


adeno- 




Atrophic — basal mild 


carcinoma 




chronic infiltrative and 


of stomach 




productive Focal 


vv itli lymph 




wedges of severe in- 


node in- 




volvement Small 


volvement 




lymphoid aggregates 

SO 

Healed 10 

30 

2 

T Z 

Superficial — mild and 


peptic 




focal moderate chronic 


ulcer of 




Interstitial — mild and 


duodenum ** 




focal severe chronic 


Atrophic — basal mild 
chronic infiltrativ e and 
productive, focally 
more severe 


54 Chrome 2 
peptic 
ulcer of 
duodenum 


Superficial — chronic and 
focal acute with micro- 
scopic erosions t 

Interstitial — chronic and 
focal acute 

Atrophic — basal subacute 
and chronic infiltratu e 
and productive Lym- 
phoid follicles Small 
focus of acute 

Superficial — chronic and 
focal acute 

Interstitial — chronic and 
scattered focal acute 

Atrophic — ^basal chronic 
infiltrative and produc- 
tive Lymphoid folli- 
cles Focal acute 

Superficial — chronic 

Interstitial — chronic and 
mild subacute 

Atrophic — basal subacute 
and chronic infiltrative 
and productive Lym- 
phoid follicles and ag- 
gregates 

Superficial — chronic 

Interstitial — mild 
chronic 

Atrophic — basal mild and 
focal moderate chronic 
infiltrative and produc- 
tive Focal lymphoid 
aggregates 

Superficial — chronic 

Interstitial — chronic and 
focal acute 

Atrophic — basal chronic 
infiltrative and pro- 
ductive Lymphoid 
aggregates and folli- 
cles 


Superficial — mild chronic 
Interstitial — mild chronic 
and focal severe chron- 
ic Focal acute 
Atrophic — basal chronic 
infiltratu e and pro- 
ductive Focal wedges 
of severe involv'eraent 
Small lymphoid aggre- 
gates 

Superficial — mild chronic 

Interstitial — mild and 
focal severe chronic 
Atrophic — basal focal 
moderate chronic infil- 
tratu e and productu e 
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714764- 


72820 


73439 


74109 


74121 


74-302 


Table III (Continued) 


r S3 Healed 3 
ulceration 
of anterior 
uall of 
first por 
tion of 
duodenum 
with 
stenosis 


23 


2 T Z 


Antrum 


T Z 

Superficial — moderate 
chronic 

Interstitial — moderate 
chronic and acute 

Atrophic — basal moder- 
ate chronic and sub- 
acute infiltrative and 
productive 

Anlrum 

Superficial — moderate to 
set ere chronic 


Interstitial — sev ere 
chronic and acute 
Mctaplastic necks 

Atrophic — basal sev ere 

chronic infiltrative and 
productive Lymphoid 
aseregates and follicles 


T Z 

Superficial — moderate 
chronic 

Interstitial — mild to 
moderate chronic 

Atrophic — basal moder 
ate chronic infiltrative 
and productive 

Antrum 

Superficial — moderate to 
severe chronic Focal 
metaplasia of surface 
cells and pits 

Interstitial — severe 
chronic and moderate 
acute Metaplastic 
necks 

Atrophic — basal severe 
chronic infiltrative and 
productive Lymphoid 
aggregates and follicles 
Focal metaplastic 


M 


M 


M 


M 


M 


I’eiicti It 10 

10 

2 

Antrum 

Superficial — moderate 

Superficial — chronic 

mg peptic 




chronic 


gastric 




Interstitial — chronic and 

Interstitial — chronic and 

ulcer on 




focal acute 

focal acute 

lesser 




Atrophic — basal chronic 

Atrophic — basal chronic 

ciirviture 




infiltrativ e and produc- 

infiltrative and produc 

Healed 




tive L> mphoid aggre 

tiv e L> mphoid aggre- 

peptic ulcer 




gates 

gates and 1 few fol- 

of first por- 
tion of 

duodenum ' ' 





licles 

Scar of 5 

23 

2 

Antrum 

Superficial — chronic 

Superficial — chronic 

healed 




Interstitial — chronic 

Interstitial — chronic and 

peptic 




Atrophic — basal moder- 

mild focal acute 

ulcer of 




ate chronic infiltrative 

Atrophic — basal mild 

duodenum 4 ' 




and productiv e Lymph- 

chronic infiltrative and 





oid follicles 

productive Lj mphoid 
follicles 

Chronic 20 

58 

2 

Antrum 

Superficial — chronic 

Superficial — chronic 

penetrating 



at 

Interstitial — chronic vv ith 

Interstitial — chronic with 

and per- 



T Z 

atrophic change 

atrophic change 

forating 




Atrophic — basal chronic 

Atrophic — basal chronic 

peptic 




infiltrative and some 

infiltrative and produc- 

ulcer of 




productiv e Lymphoid 

tiv e Lymphoid aggre 

duodenum n , 




aggregates and follicles 

gates and follicles 

Penetrat- S 

30 

2 

Corpus 

Superficial — chronic 

Superficial — chronic 

ing peptic 



near 

Interstitial — focal 

Interstitial — focal 

ulcer of 



T Z 

chronic 

cliromc 

esophagus 




Atrophic — basal chronic 

Atrophic — basal mild fo 





infiltrative and produc- 

cal chronic infiltrative 





tive Focal lymphoid 

and productive 





follicles 

Lymphoid aggregates 
and follicles 

Chronic 10 

30 

2 

T Z 

Superficial — chronic 

Superficial — chronic 

peptic 



at 

Interstitial — mild chronic 

Interstitial — mild to 

ulcer of 



antrum 

with mild atrophy 

moderate chronic 

duodenum 




Focal severe chronic 

Atrophic — basal mild to 

Old gastro 




Atrophic — basal moder- 

moderate chronic in 

enterostomy 




ate chronic infiltrative 

filtrative and produc- 





and productive Lymph- 

tive Focal meta- 





oid aggregates 

plastic 
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Table III (Continued) 


746S9 M 41 Scar tissue 6 24 35 T Z 

involving near 

duodenum antrum 

just 
beyond 
pj lorus 
w ith 
resultant 
stenosis *■*" 

74793 F 52 Chronic 15 45 1 Antrum 

peptic 
ulcer of 
duodenum 
Pyloric 
stenosis 


75170 M 43 Scar of 3 16 2 Antrum 

he ikd 
peptic 
ulcer of 
first por- 
tion of 
duodenum 


7521 ? M 47 Penctrat- 2 23 5 1 Z 

ing peptic 
ulcer of 
duodenum 


7S3?0 M 40 Penetrat- 11 16 2 Antrum 

mg peptic 
ulcer of 
duodenum 


75642 M 49 Chrome 7 NR 3 T Z 
peptic 
ulcer of 
duodenum 


Superficial — mild to mod- Superficial — mild to mod- 
erate chronic erate chronic 

Interstitial — mild to mod- Interstitial — mild to focal 
erate chronic with atro- severe chronic 

phy 

Atrophic — basal moder- Atrophic — basal mild to 
ate chronic infiltrative moderate chronic infil- 

and productive Focal trative and productive 

acute inflammation of Lymphoid aggregates 

musculans mucosae 

Superficial — moderate Superficial — moderate 
chronic chronic 

Interstitial — mild acute Interstitial — mild acute 
and moderately severe and moderately severe 

chronic chronic Lymphoid 

follicles 

Atrophic — basal moder- Atrophic — basal moder- 
ately severe chronic in- ately severe chronic in- 
filtrative and produc- filtrative and produc- 
tive L> mphoid aggre- tive Lymphoid aggre- 
gates and small follicles gates and small follicles 

Superficial — moderate Superficial — moderate 
chronic chronic 

Interstitial — moderate Interstitial — moderate 
chronic and mild acute chronic and acute 

Focal atrophy 

Atrophic — basal moder- Atrophic — basal moder- 
ate chronic infiltrative ate chronic infiltrative 

and productive Basal and productive Basal 

mild acute Focal meta- mild acute Focal 

plastic Lymphoid metaplastic Lymphoid 

follicles follicles 

Superficial — mild to mod- Superficial — mild to mod- 
erate chronic crate chronic 

Interstitial — focal mod- Interstitial — focal mod- 
erate chronic erate chronic 

Atrophic — basal focal Atrophic — basal focal 
mild clironic infiltra- mild chronic infiltra- 

tiv'e and productive tive and productive 

Small lymphoid follicles Small lymphoid aggre- 

gates 

Superficial — severe Superficial — severe 

chronic chronic 

Interstitial — severe Interstitial — severe 

chronic chronic 

Atrophic — basal severe Atrophic — basal severe 
chronic infiltrative and chronic infiltrative and 

productive Large productive Extensive 

lymphoid follicles with infiltration with lymph- 

focal complete replace- oid follicles and focal 

ment of mucosa complete replacement 

of mucosa 

Superficial — mild to mod- Superficial — mild 
erate chronic chronic 

Interstitial — focal mild Interstitial — mild focal 

and one focus of severe chronic 

chronic 

Atrophic ■ — basal focal Atrophic — basal focal 
mild to severe chronic mild to moderate 

infiltrativ e and produc- chronic infiltrativ e and 

tiv^e Small Ijmphoid productive Small 

aggregate Ijmphoid aggregate 
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75918 


70542 


76566 


76588 


76778 


76831 


M 50 Puckered 14 
stellate 
scar of 
anterior 
yvall of 
duodenum ' i 


25 


Tabit III (Continued) 

IS T Z Superficial — mild chronic 

Interstitial — mild and 
focal moderate chronic 
Atrophic — basal focal 
mild chronic infiltra 
ti\c and productive 
Focal b mphoid aggre- 
gate 


Superficial — mild t° 
moderate chronic 
Interstitial — mild to 
moderate chronic 
Atrophic — basal mild to 
moderate chronic pro 
diictive and infiltra 
tive Large lymphoid 
aggregate 


M 40 Seals m 5 
anterior 
and 

posterior 
walls of 
first 

portion of 
duodenum >■ 


28 


2 Corpus 
near 
T Z 


Superficial — mild chronic 
Interstitial — moderate 
and focal se\ ere 
chronic with focal atro 
phic change 

Atrophic — basal mild and 
focal moderate chronic 
infiltrative and produc- 
tive Lymphoid folli 
cles 


Superficial — mild chronic 
Interstitial — moderate 
and focal sev ere 
chronic vv ith focal atro 
pine change 

Atrophic — basal mild and 
moderate chronic infil 
trativ e and productiv c 
Lymphoid follicles 


M S3 Chronic 4 16 

peptic 
ulcer of 
duodenum 


Corpus 
near 
T Z 


Superficial — focal mild 
chronic 

Interstitial — mild to 
moderate and focal 
severe chronic with 
atrophic change 
Atrophic — basal mild to 
moderate and focal 
severe chronic infiltra- 
tive and productive 
Ly mphoid aggregates 
and follicles 


Superficial — focal mild 
chronic 

Interstitial — mild to 
moderate and focal 
sev ere chronic w ith 
atrophic change 
Atrophic — basal mild to 
moderate and focal 
severe chronic infiltra- 
tive and productive 
Ly mphoid aggregates 
and follicles 


M 65 Scar III 5 16 

superior 
wall of 
1st por- 
tion of 
duodenum **■ 


Antrum Superficial — chronic 

Interstitial — chronic with 
atrophic change and 
ly mphoid follicles 
Atrophic — basal moder- 
ate and focal sev'ere 
chronic infiltrative and 
productive Lymphoid 
aggregates and oc- 
casional follicle 


Superficial — chronic 
Interstitial— chronic with 
atrophic change and 
ly mphoid follicles 
Atrophic — basal moder- 
ate and focal sev ere 
chronic infiltrative and 
productive Lymphoid 
aggregates and oc- 
casional follicle 


M 41 Healed S 
peptic 
ulcer of 
anterior 
wall of 2nd 
portion of 
duodenum 
Penetrat- 
ing yejunal 
ulcer ** 


SO 


3 Corpus 
near 
T Z 


Superficial — moderate 
chronic 

Interstitial — chronic and 
focal acute 

Atrophic — basal mild 
chronic focal infiltra- 
tive and productive 


Superficial — moderate 
chronic 

Interstitial — chronic and 
focal acute 

Atrophic — basal mild 
chronic focal infiltra- 
tive and productive 


Perforat- 5 

23 

6 Antrum Superficial — chronic 

Superficial — chronic 

ing peptic 


Interstitial — chronic with 

Interstitial — chronic with 

ulcer of 


atrophic change Focal 

atrophic change Focal 

pylorus 


raetaplastic 

metaplastic 



Atrophic — basal moder- 

Atrophic — basal moder- 



ately severe chronic 

ately severe chronic 



infiltrativ e and produc- 

infiltrative and produc- 



tive Ly mphoid aggre- 

tive Ly mphoid aggre 



gates and follicles 

gates and follicles 
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T\BLn III (Continued) 


7686S M S3 Ulcerated 2 31 2 Corpus 

infiltrating at 

scirrhous T L 

adeno- 
carcinoma 
of stomach 
\Mth m- 
\ olveineiit 
of 1> mph 
nodes 

76950 M 51 Chroiin. 35 55 2 T Z 

peptic 
ulcer of 
jejunum 


77039 M 38 Sexeral 7 IS I Antrum 
scars of 
anterior 
wall of 
pylorus 


77098 M 32 Scar of 5 12 2 T Z 

anterior 
duodenal 
wall with 
slight con- 
striction of 
second 
portion of 
duodenum 

77411 M 48 Peptic 10 5 10 Antrum 

ulcer ot 
anterior 
wall of 
duodenum 
Scars of 
superior 
duodenal 
wall just 
bey ond 
pj lorus ** 

Duodenal 
erosion m 
healing 
state 


Superficial — none Superficial — none 

Interstitial — none Interstitial — small focus 

of moderate chronic 

Atrophic — basal focal Atrophic — basal focal 
chronic infiltrative and chronic infiltrative and 

productive productive 


Superficial — mild to mod- Superficial — mild to mod- 
erate chronic erate chronic 

Intcistitial — focal mod- Interstitial — focal mod- 
erate chronic erate chronic 

Atrophic — focal moderate Atrophic — moderate 
basal clironic infiltra- basal chronic infiltra- 
tive and pioductne live and productive 

Lymphoid aggregates More lymphoid aggre- 

h'ocal extensive meta- gates Focal meta- 

plastic with polymor- plastic 

phonuclear leuhocytic 
infiltration and lymph- 
oid aggregates and 
follicles 

Superficial — moderate Superficial — moderate 
chronic chronic 

Interstitial — severe Interstitial — severe 
cliromc clironic 

Atrophic — set ere basal Atrophic — severe basal 
chronic infiltrative with chronic infiltrative with 

lymphoid follicles and lymphoid follicles and 

moderate productive moderate productive 

Superficial — mild chronic Superficial — mild chronic 
Interstitial — focal acute Interstitial — focal acute 
and chronic and chronic 

Atrophic — mild basal Atrophic — mild basal 
chronic infiltrative and chronic infiltrative and 

productive Lymphoid productive Lymphoid 

aggregates aggregates 


Superficial — chronic Superficial — chronic 

Interstitial — chronic w itli Interstitial — chronic w ith 
atrophy and focal atrophy and focal 

acute acute 

Atrophic — se\ ere basal Atrophic — se\ ere basal 
chronic infiltratu e and chronic infiltratn e and 

productue Lymphoid productive Lymphoid 

aggregates and follicles aggregates and follicles 


Mi-aittttR of notations on tahh 

Indicates the utilization of a rubber co\ ered intestinal clamp to obtain the original biopsv’ 

** Designates the surgical diagnosis in those cases in which the ulcer was left tn situ All the others are 
pathologic diagnoses 
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'Case I — Path No 70308 Male, age 51, admitted m April, 1940 Three years 
before admission the patient had epigastric pain at irregular intervals after meals for 
a period of three months A gastro-intestinal series, taken in 1937, demonstrated a 
moderately large ulcer involving the lesser curvature and posterior wall of the stomach 
During the past four months there was increasingly severe epigastric pain and 
occasional vomiting Roentgenograms demonstrated that the ulcer previously noted 
had diminished considerably in size Wassermann — negative Rehfuss’ test meal — 
maximum free acid 30, maximum total acid 54 Night Rehfuss’ — free acid o, maximum 
total acid 32 Vagus test meal — maximum free acid 60, maximum total acid 82 

The patient was prepared with parenteral 5% glucose in physiologic saline Prior to 
operation cevitamic acid, yeast tablets, vitamin B complex and nicotinic acid were 
administered by mouth, and seconal gr 3 by rectum Immediatelj before anesthesia, 
magendie minims 6 and atropine gr 1/150 were given hypodermically 

Operation was performed, April ii, 1940, under cyclopropane anesthesia The 
stomach was found to be slightly dilated In the region of the coronary arterj 
theie was an indurated area which measured approximately four centimeters in diameter 
This lesion presented a definite crater The ulcer penetrated posteriorly and was sealed 
off by adherent jejunum which had found its way into the lesser sac 

The original biopsy was taken 30 minutes after incision of the abdomen, from 
the anterior wall of the stomach m the antral region two centimeters cephalad to the 
gi cater curvature The resected specimen was removed ten minutes later The post- 
lesection biopsy was taken from the edges of the original biopsy wound five minutes after 
lemoval of the specimen Both biopsies were cut into strips appioximately one milli- 
meter m width and fixed at once m Zenkcr-formol and formalin 

Histology of the Biopsies — Ongtnal Btopsy — Antnm (See Fig la) The 
foi malm-fixed tissue consists ot foui stiips, two of which measure i 5 cm in length, 
a third which measures i cm m length, and a fourth which measures o 7 cm in length 
The Zenker- foimol-fixed tissue consists of two pieces which measure i s and 2 cm in 
length, respectively 

The architecture of the mucosa is considerably altered The surface, even on gross 
inspection, is 11 regularly nodular The nodules are separated by depiessed, widened 
dccpei pits In a few areas, the glandular elements have been replaced by moder- 
ately cellular, very loose, edematous fibrous tissue infiltrated by plasma cells, a 
moderate number of eosinophils and a small number of polymorphonuclear leukocytes 
Acini of neck and antral glands are scattered within this tissue In the deeper third 
of the mucosa there is loose connective tissue of finely fibiillar character that contains 
numerous single muscle fibers and bundles of muscle fibers continuous with the muscularis 
mucosae and infiltrated by lymphoevtes, plasma cells and a moderate number of eosino- 
phils Small Ij'mphoid aggiegates and lymphoid follicles surrounded bj^ densei col- 
lagenous tissue and muscle bundles are present In the neighborhood of some of these 
follicles there are antral glands of more regular appearance, vv’ith flattened basal nuclei 
These portions bf the mucosa occur between the depressed pits and are often widei 
than those occupied by the glandular elements 

The gastric glands are replaced by glands of intestinal type in large portions of 
each of the biopsy strips These glands occupy only the superficial two-thirds or one- 
half of the mucosa They are lined by columnar or cuboidal cells with neutrophilic 


** 4 - Diffuse unless specifically noted to be focal 

t The isolated observation of microscopi- erosions m this case in an exquisitely focal disease like gastritis 
cannot be evaluated No actn e erosions were found in any of the other 34 cases of this series 

f Transitional zone of the gastric mucosa between that of the corpus and that of the antrum In this zone the 
peptic glands occupy a narrow portion of the mucosa just above the muscularis mucosae and antral glands 
often containing acid cells larger portions of the mucosa In the antral region the antral glands extend to the 
muscularis mucosae 

Interval not recorded 
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dense and forms a homogenous laver between the capdlaiies and the basement mem- 
branes of the suiface lining cells The papillae aie infiltrated b^ mam plasma cells, 
some contain cxti avasated icd blood cells 

In the poitions of the mucosa icplaced bv eollageno-imisculai tissue, uid deep to 
the intestinal glands, thcie aie remnants of neck glands and antral aemi Ihese are 
of degenerative chaiactei In many of the cells no mucus is present along the free 
border The nuclei are irregularly arranged and varv in size, shape and staining 
intensity The basement mcmbianes around the acini are barelj visible or absent Some 



Fig ib — Path No 70308 Post resection biopsy (formalin fixed, mag 
nification 62 times) The features are essentnllj similar to those described 
in Figure la The surface cells in this area are slightly more distorted 


of the acini are dilated, and lined by nariow layers of cjdoplasm Scattered mitoses and 
a moderate number of argentaffine cells are present among these degenerating glandular 
acini In the Zenker-formol-fixed section more gastric neck glands and antral glands 
are present Russell bodies are found among the infiltrating cells in these regions The 
junction of the muscularis mucosae with the mucosa is not clear m many places due 
to the proliferation of muscle fibers that extend into the upper half of the mucosa 
Edema is evident throughout the mucosa but is most piominent in the papillae and 
just above the muscularis mucosae 
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Capillaries aie present within tlie superficial % to % of the mucosa These are 
of uneven calibei and nieasmc fiom one to eight eiythiocytes in diameter The infiltrated 
musculo-eollagenoiis tissue contains scattered venules of laigei caliber which are so 
widely spaced that the mucosa appeals i datively avasculai In tlic dcepci portions of the 
mucosa thcic aic capillaiics filled with eosinophilic gianulai matcnal and a few dilated 
lymphatic channels The walls of the capillaries both here and in the papillae are not clear 
In tlie Zenker-formol-fixed sections the lymphoid aggregates and small follicles are 
more numerous than m those fixed in formalin From these basal foci the musculans 



Fig ic — Pith No 70308 Post resection biopsj (Zcnkei formol fixed, magnifica 
tion 62 times) Note tlie estensue mucosal hemorrhage Character of the mucosa is 
otherwise similar to that of Figures la and ib Note the unchanged surface cells 
and glands 

mucosae is infiltrated by lymphocytes In one place the hmphoid aggregates extend 
through the musculans mucosae into the submucosa and focally replace the muscle fibers 
The musculans mucosae itself is edematous The submucosa consists of loose con- 
nective tissue with dilated congested veins and arteries Just beneath the musculans 
mucosae there are some large dilated lymphatic channels A few small islands of fat 
tells are present 

The septa of the musculans propria contain extravasated red blood cells and foci 
of hemorrhage Ihe muscle cells aie without significant change The serosa contains 
congested capillaries and is slightly edematous 

Posficscciwn Biopsy — Antimn (See Fig ib) The formalin-fixed specimen con- 
sists of one strip, which measures i cm in length The Zenkei-formol-fixed specimen 
consists of three strips, each of which measures i cm in length 

The fundamental architecture of the mucosa is similar to that of the original 
biopsy The surface is slightly less nodular It is covered by mucus of shghth denser 
character that contains more polymorphonuclear leukocytes, some lymphoettes, and more 
Cl j throcytes 

The edema of the papillae, the congestion of the capillaries and lenules m the 
superfitial portions of the mucosa and the extravasation of erythrocctes aic greatei 
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lli.in ui the ouginal biopsy sections Above tlic inusculaiis iiuiLosic the edema is 
slightly less intense 

One of the stiips taken fioni the veiy edge of the oiiginal biopsj wound (see Fig ic) 
presents extensive hcinoirhage into the mucosa It is interesting to note that even 
heie no gi eater changes are found in the surface lining cells than in the original 
biopsy specimens The shape of the papillae is unaltered by the recent hemorrhage The 
infiltrating cells are sepaiatcd by the crjthrocvtcs and appear less numerous, but the 
type of gastritis is similar 

Abo\e the muscularis mucosae the congestion of the \cssels is but slightlj more 
prominent 

The submucosa is more edematous Its %csscls arc more congested Foci of 
extensive hemorrhage are present Scattered through the submucosa are a few dilated 
lymphatic channels The lumina of the dilated \eins contain erythrocytes centrally, and 
polymorphonuclear leukocytes and some eosinophils along the endothelial lining of their 
walls The septa of the muscularis propria and the serosa are without significant change 

Case 2 — Path No 72820 Male, age 61, was admitted to the hospital m Norember, 
1940 He complained of aching intermittent epigastric pain of one and one-half years 
duration The pain lasted for one to two hours, occurred irregularly, and subsided 
without tieatment During tlie past month the pain became more st\cre, lasted fi\c 
to SIX hours, and w’as accompanied by anoicxia ind occasional aomiting He Iiad lost 
SIX pounds in w'eiglit and complained of increasing weakness Wassermann — negatne 
Rehfuss’ test meal — maximum free acid 65, iiiaxmnim total acid 90 Night Rehfiiss’ — 
maximum fiee acid 34, maximum total acid 54 Vagus test meal — maximum ficc 
acid^fio , maximum total acid 74 

The patient was piepared for operation wath parenteral 5% glucose in physiologic 
saline Magendie minims 6 and atropine gr 1/150 were gneii hypodermically prior 
to anesthesia 

Opeiation w'as performed, Nocember 14, 1940, under cyclopropane and ether 
anesthesia The stomach w'as found to be slightly dilated Scar tissue surrounded the 
first portion of the duodenum due to previous ulceration Posteriorly', high on the 
lesser curvature near the esophagus, there was a penetrating ulcer whose base was 
foimed by the pancieas The lesion was surrounded by edema that extended to the 
reentrant angle No enlaiged lymph nodes weie present The ulcer was not removed 
inasmuch as a Madelener pioccduie was performed 

The oiiginal biopsy was taken ten minutes after incision of the abdomen, from 
the anteiior wall of the stomach in the ant'al region approximately two centimeteis 
cephalad to the greater curvature The resected specimen was removed 40 minutes latei 
Two minutes after its removal the post-rcscction biopsies w'ere obtained fiom the edges 
of the original biopsy wound Both biopsies were cut into narrow strips appioxinntcly 
one millimeter in width, and placed in Bourn and foimalm immediately 

Histology or THL Biopsies — Ongtnal Biopsy — Antutm (see Fig 2a) The foi malm 
specimen consists of two strips, each < 3 f which measures approximately i 3 cm m 
length, the Bourn specimen consists of two strips, each of which measures i cm in 
length 

The architecture of the mucosa is moderately distorted m the neck region and more 
distorted in the basal portions of the mucosa occupied by the antral glands These 
alterations are greater in the formalin-fixed specimens than m those fixed in Boiiin 
The surface of the mucosa in all the specimens is relatively flat except where the 
markings of the gastric areas are faintly discernible Small, narrow linear fragments 
of mucus that contain a few polymorphonuclear leukocytes are scattered over the surface 

The surface lining cells over many of the papillae are relatively unchanged Their 
nuclei are oval and occupy their usual position in the cell slightly above the base Over 
some of the papillae, however, the surface cells show basal vacuolization and eleva- 
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tion of the nuclei which aie irregulai in shape, position and staining intensity 
The papillae contain a moderate number of plasma cells Edema of the papillae 
vanes so that some aie wide and flat and others are pointed 

Some of the pits are slightly dilated and contain polymorphonuclear leukocytes, 
others are of average caliber The neck glands are separated by stroma that is 
infiltrated with plasma cells, scattered eosinophils and some polymorphonuclear leuko- 
cytes Around some of the necks small foci of polymorphonuclear leukocytes may be 
seen Muscle bundles parallel to tbe surface of tbe mucosa penetrate to tbe pit-neck 
junctions, and form moderately large groups of Abets m some areas The long axes of 
most of the neck glands are perpendicular to the surface of the mucosa, some are 
oblique The basement membranes of many of tbe neck gland acini are no longer 
discernible The lumma of some of the acini are dilated and contain polymorphonuclear 
leukocytes The acini present a moderate number of mitoses and contain argentafflne 
cells In some areas the neck gland acini are but shrunken remnants 

The antral glands m the basal half of the mucosa are decreased m number They 
are replaced by bundles of smooth muscle fibers and by a smaller amount of collagenous 
tissue of finely fibrillar character At some points continuity of the muscle bundles 
m the mucosa with the muscle fibers of the muscularis mucosae is evident The fine 
fibrillar collagenous tissue is infiltrated by lympbocjtes, occasional eosinophils and a 
few polymorphonuclear leukocytes The groups of muscle fibers and the infiltrated 
collagenous tissue separate the antral glands from the muscularis mucosae and isolate 
small groups of antral acini This produces the appearance of islands of acini in the 
altered stroma 

The antral gland acini are dilated, with many cells basally or superficially vacuolated 
Their nuclei are irregular and vary considerably in character These cellular changes 
occur in the islands of acini as well as in the closely approximated acini which he in 
relatively unchanged stroma In the latter areas, however, the nuclei are of more 
regular character In the more dilated acini the lining cells are markedly flattened and 
contain but little or no mucus Their nuclei are black, shrunken dots 

The portion of mucosa just above the muscularis mucosae contains IjTOphoid aggre- 
gates that extend into the muscularis mucosae at some points In a few areas the 
lymphoid aggregates he mainly within the muscularis mucosae The muscle bundles 
of the latter are separated by edematous finely fibrillar tissue that is infiltrated by a 
moderate number of lymphocytes 

The capillaries of the papillae are congested and in places dilated The walls of 
some of them are distinct, those of others merge with the basement membranes of 
the surface cells The capillaries are of uneven caliber and are more dilated at the 
summits of the papillae than along the sides of the pits These vessels range from 
one to two erythrocytes in width There is a remarkable absence of visible vessels 
beneath the pit-neck junctions Basally, above the muscularis mucosae dilated empty 
capillaries and venules are present 

The tissue of the submucosa is loose, somewhat edematous and contains moderately 
dilated, congested arteries and veins Some of these vessels are filled with red blood 
cells and others with granular eosinophilic material In the Bourn-fixed sections 
there are dilated lymphatic channels and small focal extravasations of erythrocytes 

The septa of the muscularis propria are slightly edematous Around some of the 
nerves there is lymphocytic infiltration An occasional eosmophile and lymphocyte is 
present around the venules of the septa The serosa contains a few dilated congested 
venules and capillaries 

Post) escction Biopsy — Antium (see Fig 2b) The formalin-fixed specimen con- 
sists of two pieces which measure i 5 and 16 cm , respectively The Bouin-fixed speci- 
men consists of two pieces which measure o 9 and i cm , respectively 

The microscopic aichitecture of the mucosa and its surface markings correspond to 
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those of the oiigmai biopsy Tlie surface of the mucosa is covered by a wider layer of 
denser mucus that contains numerous erj'-thi ocj'tcs and small clumps of polymorphouuclcai 
leukocytes The entire mucosa is moie edematous than that of the original biopsy The 
edema is better seen in the Bouiu-fixed, than m the formalin-fixed tissue More of the 
surface cells show basal vacuolization than those of the original biopsy However, even 
over areas of marked edema of tlie papillae, the vacuolization of the individual cells 
is not greater The other clianges of the surface cells, of the neck glands, and of tiic 
antral glands described in the original biopsy are seen heie The infiltrating cells arc 
similar in their distribution and number 

The capillaries of the papillae are more congested but of somewhat narrower 
caliber Most of them are but one erythrocyte in wndth The changes m their walls 
are similar to those already noted m the original biopsy Above the musculans 
mucosae the degree of vascular congestion is similar to that of the original biopsy 
except for an occasional dilated congested A'em that penetrates the musculans mucosae 
from the submucosa 

The most marked differences in the gastric wall are seen in the submucosa There 
IS extensive edema and hemorrhage near the edges of the original biopsy wmund The 
arteries and veins are considerably dilated and congested The walls of the veins are 
infiltrated by polymorplionuclear leukocytes At a distance from the edges of the 
original biopsy the hemorrhage is focal and the edema is less prominent, but the 
congestion and dilatation of the vessels is similar Erythrocytes extend into the 
septa of the musculans propria from the areas of extensive hemorrhage in the submucosa 
The capillaries of the musculans propria, especially those near the serosa, are congested 
and surrounded by small foci of hemorrhage [Many of the capillaries and small venules 
are filled wnth polymorphonuclear leukocytes that infiltrate their walls and extend into 
the adjacent fibrous tissue and muscle fibers The serosa is similar to that of the 
original biopsy sections 

Case 3 — Path No 74659 Male, age 41, entered the hospital in April, 1941 
The patient was well until three years ago when he liad one unheralded hematemesis 
Since then he experienced epigastric pains and belching For the past four months 
he complained of right upper quadrant pain and vomiting Two months ago he had had 
nielena Two days prior to admission he suffered severe cramp-hke pains accompanied 
by vomiting Wassermann — negative Rehfuss’ test meal — maximum fiee acid 50, 
maximum total acid 70 Night Rehfuss’ — maximum free acid 44, maximum total acid 52 

The patient was prepared for operation with parenteral 5% glucose in physiologic 
saline Immediately before anesthesia, magendie minims 6 and atropine gr 1/150 were 
given hypodermically 

Operation — April 21, 1941 Under spinal anesthesia, with 12 cc of Jones solution 
supplemented with ethylene and ether The stomach w'as dilated to tw'o and one-half 
times Its usual size There was increased vascularity Scar tissue wdiich surrounded 
the duodenum immediately beyond the pylorus narrowed it to a diameter of one-half inch 

The original biopsj' specimen was taken six minutes after incision of the abdomen 
rom the anterior w'ali of the stomach m the transitional zone near the antrum ap- 
proximately two centimeters cephalad to the greater curvature of the stomach The re- 
sected specimen w’as removed 24 minutes later The original biopsy specimens were cut 
into strips approximately i mm in width and fixed m formalin and Bourn at once The 
en ire specimen was then described with minimal manipulation Thirtv-five minutes 
a er its removal it was fixed in toto in Bonin solution Sections of the edges of 
ie OTiginal biopsy wound were then taken from the fixed specimen 

JSTOLOGY OP THE BioPSiES — Original Biopsy — Tiansiiional Zone (see Fig 3a) 
cm^ ormalin-fixed specimen consists of three strips that measure 05, 07 and 0 8 

j’ J^^®P*^^hvel3, The Bouin specimen consists of two strips which measure i o 
ana i 2 cm 

mucosal architecture is generally unchanged There is focal distortion in the 
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Tic 3a — Path No 74659 Original biopsy (Bouin fixed, magnification 62 times) 
Note the separation of the surface cells from the papillae (artefact) The latter vaij 
in width, height, and degree of infiltration Focal mild interstitial gastritis (a) The 
glands are elevated from the muscularis mucosae and separated from each other b\ 
edematous infiltrated, finel> fibrillar, connective tissue Suprapapillary space filled 
with edema fluid (b) 

Fig 3b — Path No 74659 Post resection biopsy (Bouin fixed, magnification 52 
times) Note the elongation of pits and necks, widening of the pits and focal villifoini 
papillae produced by prolonged exposure to air before fixation Basal edema is slightly 
greater than in the original biopsy The summits of some of the papillae are torn (arte 
fact) The other features are similar to those seen in Figure 3a 
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neck region and aboie the niusculans mucosae The suiface of the mucosa is flat The 
gastric areas are not discernible A thin layer of mucus that contains a few des- 
quamated epithelial cells, an occasional polvmorphonucleai leukocyte and eiythrocjtca 
cmeis portions of the mucosal suiface and fills the pits 

The foimalin-fi\ed tissue diffeis fiom that fi\ed in Bouin In the foimer the 
inajorit) of the surface cells contain the usual amount of mucus l^Iost of their nuclei 
aie o\al oi round, some aie concave superficially and irregulai The suiface cells 
o\er a few of the papillae contain no mucus and aie shorter than the cells adjacent to 
them Their cytoplasm is basophilic Some of the nuclei occupy almost the entire cefl, 
whereas others are at the free bordei Focal pseudostiatification is present m these 
areas A moderate number of the cells, ovei both infiltrated and noninfiltrated 
papillae, are lacuolated basally In the Bouin-fi\ed sections most of the surface cells 
arc separated from the summits of the papillae b> spaces The majoi number of these 
spaces ai e empty , some contain eosinophilic granular matei lal The basal poi tions of 
main of the cells are no longer lined b} basement membranes and aie not clear The 
nuclei, however, are not changed In a few' places the thin basement membianes are still 
Msible beneath the cells Heie the basal changes in the cells aie similar to those 
described in the formalin-fived tissue 

The papillae vary in shape Some aie pointed, otheis are flat klany are infil- 
tiated b} a moderate number of plasma cells some hmphocvtes and an occasional 
eosinophile or polymorphonucleai leukocyte In these papillae theie are more stromal 
nuclei A small number of papillae contain extiavasated red blood cells, others 
contain laige amounts of eosinophilic, smooth matei lal (fixed edema fluid) A few' 

contain only edema fluid In the Bourn-fixed sections the edema of the papillae is 

not as evident due to the expression of the serum into the spaces already noted between 
the suiface cells and the summits of the papillae The degiee of infiltration is 
similar to that desciibcd in the foi malm-fixed sections The summits of the papillae 

beneath the spaces aie coveied by thickened, collagenous membianes of neutiophilic 

ehaiaetei 

The pits oeeupv one-fifth to one-quartei of the entiie thickness ot the mueosa 
The neek glands aic sepaiated by edematous conncelivc tissue mfiitiated by small 
luiinbeis of plasma cells some lymphocytes and a few cosmopbils Then aemi aie 
suiiounded b\ basement membianes In a few a'^cas no lecogmzable basement membianes 
are present The neek cells of these acini aic basall)' vacuolated, the acid cells aie 
Aaeiiolated, shrunken oi dceplv cosmophilie Theie aie small foci of densci Ivmpho- 
evtic mhltiation between some ot the neck aeini Amongst the lymphocytes a single 
degenerating defoimed acinus is piesent, lined bj' iiiegulai cells In one such area 
the neck cells of the acinus aie basophilic and gianular The cytoplasm appioaches 
that of intestinal epithelium (dediffeientiation) 

The glands m the middle third of the mucosa aie separated by edematous, finely 
fibiillar coimectne tissue that contains a small number of plasma cells and lympho- 
eetes Theie is one small aggregate of lymphocytes between the glands at tins level of 
the mucosa The peptic glands m the basal portions of the mucosa are sepaiated fioin 
the niusculans mucosae by edematous finely' fibiillar, infiltrated coimectne tissue 
‘Vt some points the peptic gland acini reach the muscularis mucosae The glands nearest 
the niusculans mucosae contain peptic cells w'hose nuclei are near or at their free 
borders The acid cells m these aemi contain three to five nuclei, some of w'hich are 
faintly stained and shi unken The basement membranes of these acini may be thickened 
or absent The cells of the latter ineige with the edematous fibrillar coimectne tissue 

The mucosal glands in the forinalm-fixed tissue are more closely approximated than 
m the Bourn-fixed specimens This is due to less esident edema of the mucosa m 
the former sections 

The capillaries of the papilIaL i.i the Boum-fixed sections arc cmpt\ Thc\ can 
from one to three ers throes tes m width At the pit-neck junctions there arc senules 
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which vaiy fioni six to tight eiythrocytes in width Their walls arc thickened In 
the lower two-thiids of the mucosa there are scattered empty venules eight erythrocytes 
m width Immediately above the muscularis mucosae there are dilated venules that 
contain eosinophilic granular material and eiythrocytes In the formalin-fixed sections 
the distribution of the vessels is more evident Extravasation of red blood cells in 
the papillae and in small foci in the neck legion arc also more evident in these sections 
The demarcation of the mucosa from the muscularis mucosae is clear The latter 
is edematous and contains a few lymphocytes and dilated venules which are empty or 
contain eosinophilic granular material The arterioles within it are contracted The 
submucosa in the Bouin-fixed tissue is edematous The veins arc dilated and contain 
eosinophilic granular material and some erythrocytes The arterioles are contracted, 
the aiteries arc dilated and congested 

The septa of the muscularis propria arc edematous and contain a small number of 
Ivmphocytes in some places The serosa is moderately edematous 

Post) escctioii Btopsiy — Ti aiisitioual Zone (sec Fig 3b) The specimen consists 
only of Bouin-fixed tissue from the edges of the biopsy wound One strip is i 5 cm and 
the other 2 5 cm m length 

The mucosal aichitecture is essentially similar to that of the original biopsy 
In some areas the pits are longer and the papillae elongated and narrower Most of 
the pits are emptv The surface is flat The gastric areas are not discernible A 
thick laver of denser mucus that contains desquamated epithelial cells and masses of 
eiythrocytes covers the surface Among the eiythrocytes there are strands of fibrin 
and in places manv polymorphonuclear leukocy'tes The amount of mucus in the surface 
cells over some of the papillae is less than in the original biopsy Generally, ho\%ever, 
the amount of intracellular mucus is similar 

The cellular infiltration of the papillae and of the stroma between the neck glands 
IS focally greater than in the original biopsy The edema of the upper two-thirds 
of the mucosa is less Basally, however, in some areas the edema is greater The 
pits, neck gland acini and peptic gland acini are essentialh similar The deepest of 
the peptic gland acini are often completely surrounded by edematous, finely fibrillar 
infiltrated, connective tissue 

The vascular distribution within the mucosa does not differ Some of the venules 
near the muscularis mucosae contain polymorphonuclear leukocytes m their lumina 
and walls These cells extend for a short distance into the surrounding tissue 

The muscularis mucosae is thinner The infiltration within it and the edema are 
similar The upper layeis of the submucosa beneath the muscularis mucosae are 
occupied by large foci of hemorrhage The veins and arteries are more dilated They 
are congested and contain polymorphonuclear leukocytes which extend into the walls of 
some of the veins 

The septa of the muscularis propria adjacent to the submucosa are edematous Some 
of the capillaries and venules yvithin the septa contain polymorphonuclear leukocytes 
that extend into the yvalls of the vessels Near the serosa the edema is less than 
m the original biopsy specimens The serosa is less edematous 

Case 4 — Path No 75213 Male, age 47 y\as admitted to the hospital in May 
1941 He complained of sticking postprandial epigastric pain penetrating to the back 
and occasional tarry stools for the past ten months A gastro-mtestinal series demon- 
<^trated a duodenal ulcer This responded to medical therapy until two months ago 
yvhen the pain became intractable Wassermann negative Rehfuss’ test meal — maxi- 
mum free acid 40 , maximum total acid 60 

The patient was prepared for operation with parenteial 5% glucose in physiologic 
saline Magendie minims 6 and atropine gr 1/150 w^ere given hypodermically before 
anesthesia 
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OpeiaUon — ^June 5 , IQ41 Undei spinal anesthesia, with 12 ct of Jones solution 
supplemented by intravenous sodium pentothal The stomach was found to be of 
normal size Distal to the pylorus theie was a mass of indurated tissue that pushed the 
duodenum to the left A penetrating ulcer sealed by omentum occupied the superior 
portion of the duodenum A resection with post-pyloric “auschaltung” was performed 

The original biopsy was taken two minutes after incision of the abdomen, from the 
anterior wall of the stomach m the transitional zone near the antrum, approximately 
two centimeters cephalad to the greater cuivature The lesected specimen was removed 
23 minutes later Sections were taken from the edges of the original biopsy wound five 
minutes after removal of the stomach Both biopsies weie cut into strips, approximately 
one millimeter in width, and placed in Bouin and foimalin immediately 

Histology of the Biopsils — Ongt,ial Biopsy — Tiansifwnal Zone (see Fig 4a) 
The formalin specimen consists of three strips which measure 08, 07, and i cm , 
respectively The Bouin specimen consists of three strips which measure i i, 12 and 
I S cm , respectively 

The architecture of the mucosa is unchanged except basally above the musculaiis 
mucosae The junction between the muscularic mucosae and the mucosa is clear The 
mucosal surface is slightly wsyy, and, focallj^ presents gastric aiea markings The 
surface is covered by narrow strands of mucus that contain a rare desquamated 
epithelial cell 

The surface cells contain an aveiage amount of mucus Their nuclei vary in 
shape, size, staining intensity and position The long axes of many of the nuclei 
are parallel to the free surfaces of the cells Focal pseudostratification of the nuclei is 
present The basal portions of many of tbe surface cells contain moderately extensive 
vacuoles A rare cell is vacuolated superficially The vacuolization is not related to the 
amount of edema or infiltration of the papillae or the degree of congestion of their 
capillaries 

The papillae vary in character Some are narrow and unmfiltrated , others are 
wide The latter contain a greater number of stromal cells than is usually seen — 
small numbers of plasma cells and lymphocytes, and scattered Russell bodies Many of 
the papillae contain eosinophilic granular material (edema) , a few' contain a small 
number of extravasated red blood cells 

The majority of the neck glands are closely approximated and separated by their 
basement membranes and by the small amount of stroma usually present in this region 
Focally, there is lymphocytic infiltration around acini of degenerative character, and 
increase m the number of stromal cells The lining cells of the acini are vacuolated , 
their nuclei varj' in size and position Some of the aenn of the neck glands are lined 
by cells wnth eosinophilic cytoplasm and pyknotic nuclei, others near the pit-junctions 
are dilated and lined by flattened eosinophilic neck cells and acid cells Their lumina 
contain granular eosinophilic material 

Most of the peptic glands m the basal portions of the mucosa are closely approxi- 
mated There is the usual small amount of stroma betw'een them Those just above the 
muscularis mucosae are surrounded by thickened basement membranes w'hich are focallj 
widened, smooth and eosinophilic The nuclei of the peptic cells of these acini var}' 
in size and shape and in their position wntlnn the cell Some of the nuclei are near 
or at the fiee borders of the cell despite the fasting state of the mucosa Such 
dispolarity of the nuclei occuis less frequently m the supeificial portions of the 
mucosa A few' of the acid cells of these acini contain two or three nuclei The 
glandular acini m scattered areas arc separated from the muscularis mucosae b% 
finelj fibnllai collagenous tissue infiltrated w'lth Ijmphocites, a small number of 
eosinophils and a few' polymorphonuclear leukocytes The stromal nuclei m these 
foci are increased Single peptic gland acini with shrunken and degenerating acid 
and peptic cells are enclosed w'lthm this tissue, and merge mdefiniteh with it There 
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Fig 4a — Path No 75213 Original biopsy (Bouin fixed, low power) Note basal 
distortion in architecture (A) and edema of submucosa 
Fig 4b — Path No 75213 Post resection biopsy (Bouin fixed low power) Note 
small Ijmphoid aggregate above muscularis mucosae (B) and the increased edema and 
congestion of the submucosa The septa of the muscularis propria are more edematous 
than those of Figure 4a 
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aie a few small aggregates of lymphocytes The musculans mucosae is thm and is 
not infiltiated by cellular elements 

The degiee of congestion of the mucosa vanes Most of the capillaries of the 
papillae are small and of uneven cahbei Thev measuie from one to four erythiocytes 
m vidth Below the neck gland region only scatteied capillaries, one erythrocyte in 
width, and a lare small venule, foui erythrocides in wudth, are piesent Above the 
musculans mucosae there are dilated congested venules, empty aiterioles and small 
foci of hemorrhage near the lines of resection of the biopsy strips Infiltrated col- 
lagenous tissue surrounds some of these arterioles and venules 

In the submucosa there are dilated, moderately congested arteries The veins 
are more dilated and more congested A small n imbei of lymphocytes and an oc- 
casional eosinophil aie found around some of the ^elns The submucosal tissue is 
edematous The septa of the musculans propria are edematous and contain a small 
numbei of hmphocites The serosa is wnthout significant change 

Posticscctwn Biopsy — Tiansitioml Zone (see Fig 4b) The formalin specimen 
consists of three strips that measuie 07, 07, and i cm m length, respectively, the 
Bouin specimen consists of four stiips that measure i, 12, 13 and i 7 cm in length, 

’ espectn elv 

The architecture of the mucosa corresponds to that of the original biopsy The 
mucosal surface is co\ered by a nairow' and m places wide, layei of denser mucus 
which contains a few desquamated epithelial cells and many erythrocytes The mucus 
IS closely approximated to the suiface cells, and in a few' areas cannot be differentiated 
from the inti acellular mucus Scattered surface cells are flatter and contain less mucus 
than those of the original biopsy Focally, the surface is more w'avy than in the 
oiiginal biopsy specimen and the gastric area markings are more discernible 

The changes noted in the neck legion and in the basal portions of the mucosa in 
the 01 iginal biopsy are found here 

The state of the capillaiies 111 the mucosa is similai Near the musculans mucosae 
theie aie a few' more dilated veins Most of these contain eosinophilic granular material 
Some aic filled W'lth led blood cells There aie small foci of hcmorihage around 
ibc 1 ittei just above the musculans mucosae 

riic musculans mucosae is focall}' w'idei than that of the original biopsy spcLimen 
It picsents a small amount of edema and an occasional lymphocyte 

Ihe submucosa is more edematous The laiger, moic dilated veins w'lthm it 
uc filled w itli erythi oc\ tes , the less dilated veins and the ai tei les contain eosinophilic 
giaiiular matenal and a few' eivthiocytes Ihe septa of the musclans propna aie ede- 
matous and contain a few' hmphocytes The edema extends into the bundles of adjacent 
muscle fibeis Ihe seiosa is slightly edematous 

Case 5 — Path 75330 Male, age 46, w'as admitted to the hospital m June, 1941 
hoi the past 3'ear he was tieated medically for a duodenal ulcei One w'eek pnoi 
to admission he expenenced more se\eie epigastric distress and during the past 24 houis 
noted hematemesis and melcna Wassermann — negative Rehfass’ test meal — maximum 
fi cc acid 60 , maximum total acid 70 

The patient w'as prepared for operation with pai enteral 5% glucose m phj'siologic 
saline klagendie minims 6 and atropine gr 1/150 w'ere given hvpodermicalK' prior 
to anesthesia 

Operation — June 16, 1941 Under spinal and intravenous sodium pentothal anesthesia, 
the stomach w'as found to be tw ice its normal size Old and recent scar tissue and edema 
surrounded the first portion of the duodenum An ulcer was found on its posterior w'all 
penetrating into the pancreas A small diverticulum projected from the greater curva- 
ture of the duodenum Pathologic examination of the resected specimen disclosed a 
penetrating duodenal peptic ulcer 
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Ihc ougiiial biopby specimen was taken ii minutes aftci incision of the abdomen, 
fiom the anteiior wall of the stomach in the antral region approximately two centimeters 
ccphalad to the greater curvature The resected specimen was removed i6 minutes 
later Two minutes after removal of the specimen sections were taken from the edges of 
the original biopsy wound Both biopsies weie cut into stiips one millimeter in width 
and placed in Bouin and formalin immediately 

Histologv or the Biopsii s — Ongiual Biopsy — Antntm (see Fig 5a and 5b) 
The foimalin specimen consists of two stiips which measure 09 and i 5 cm m length, 
the Bourn specimen consists of two strips, each of which measures twT) centimeters 
m length 

The mucosal aichitectuic of the major poition of each of the sections is considerably 
distorted by the disappearance of glandular elements and their replacement by cellular 
infiltration, bundles of smooth muscle fibers, and a small amount of collagenous tissue 
The surface of the mucosa is wavy due to depressed, irregularlj distributed, widened 
pits It IS coveied in a few areas bv narrow strands of mucus which contain rare 
desquamated epithelial cells and a few' polymorphonuclear leukocjtes 

The surface lining cells generallv contain an acciage amount of mucus fheir 
nuclei vaiy m size, shape, staining intensity and position m the cell The basal cytoplasm 
of many of the cells is narrow, elongated and separated fiom the neighboring cells 
by slit-like spaces that contain a small amount of eosinophilic, granular material 
Vacuoles displace the basal cytoplasm and elevate tbe nuclei of a moderate number of 
the cells A few' larger vacuoles surround the nucleus completely and narrow' the 
layer of supranuclear mucus The vacuolization of the surface cells is similar over 
edematous and nonedematous papillae Man> of the basement membranes beneath the 
surface cells are widened and eosinophilic These merge with eosinophilic, smooth 
material in the papillae or with the walls of underljing capillaries In the Bouin-fixed 
sections the basement membranes are clearer and narrower than m the formalin-fixed 
sections, despite the more easily discernible edema of the papillae 111 the former 

The majority of the papillae are edematous, iiioderately wide and infiltrated b> 
numerous plasma cells , a few are nonedematous, narrow and mminiallv infiltrated The 
pits contain degenerating polymorphonuclear leukocytes 

The neck portions of the glands aie widely separated bj' extensive plasma cell and 
lymphocytic infiltration of the stroma, and in many areas are pushed aside, or replaced, 
by large masses of lymphocytes The latter form diffuse aggregates or follicles in 
the middle third of the mucosa Thick, hv'alme collagenous fibers occur among the 
lymphocj'tes and concentricallj surround portions of the peripherv' of the follicles 
The long axes of the adjacent displaced neck glands are oblique klany of the neck 
gland acini aie dilated and contain polymorphonuclear leukocytes Their lining cells 
are flattened, eosinophilic and contain irregular nuclei Many of their basement 
membranes are indistinct and infiltrated by lymphocytes and a few polymorphonuclear 
leukocj'tes A moderate number of aigentaffine cells are found among the neck 
gland acini 

Large areas of the basal portions of the mucosa aie completely replaced by dense 
masses of lymphocytes These present a moderate number of secondaiy centers 
(follicle formation) They contain reticulum cells, dense, hj aline, collagenous fibers 
and groups of smooth muscle fibers Some of the Ivmphoid aggregates occupv the 
lower third of the mucosa , others are so extensive that they 1 each the pit region 
They enclose islands of degeneiatmg glandular acini with vacuolated cvtoplasm and 
deformed nuclei Antral glands adjacent to the laige Ivmphoid aggregates aie pushed 
aside Their long axes, originallj perpendicular, are now almost parallel to the surface 
of the mucosa 

Between the masses of lymphocytes the relationship of the lemaimng antral glands 
to the muscularis mucosae and the stroma differs The bases of a small number reach 
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the miisculaiis mucosae, otheis aie sepaiated fiom the musculaiis mucosae bj' a small 
amount of fine collagenous tissue infiltrated by hmphocjtcs, plasma cells and some 
eosinophils and polymorphonuclear leukocytes Russell bodies are scattered through 
both this tissue and the areas of maiked infiltration In a few places above the muscularis 
mucosae the antral glands are replaced by dense collagenous tissue infiltrated by l3mpho- 
cytes The width of the muscularis mucosae is increased b}" moderate edema and 
lymphocytic infiltration At some points beneath the large aggregates, hmphocites 
leplace the muscle fibeis and destiov their continuit\ 

Congested capillai les, one to three erythroc\ tes m caliber, are noted at the s iinmits 
of scattered papillae A few capillaries, three to siv er^throcJtes in \\idth, are at the 
level of the pit-neck junctions The remainder of the mucosa is relatncK bloodless 
A raie small vein penetrates the muscularis mucosae Within the latter there are some 
nondilated arteiioles and ^enules filled with er3'throc\ tes 

The submucosa is edematous and contains dilated arteries and \eins filled with 
enthiocytes A group of l3mphoc\tes surrounds one \ein L3mphoc3tes from the large 
mucosal aggregates extend through the muscularis mucosae into the submucosa The 
collagenous fibers superficial to the musculaiis propria are denser than elsewhere and 
paiallel to the mucosal surface 

The septa of the musculaiis propria are slightl3 edematous The serosa is without 
significant change 

Postusecttoii Biopsy — Antium (see Fig 5c) The formalin specimen consists of 
foul stiips Iw'o of these each meas ire 08 cm in length, the other two each measure 
25 cm 111 length The Bouin specimen consists of four strips which measure 06 
08, 13, and I 6 cm , i espectively 

The mucosal architecture coriesponds closelv to that of the original biopsi 
The suiface of the mucosa is coieied b3' nariow and wide layers of denser mucus 
which contains desquamated epithelial cells enthrocites and single and clumped P0I3- 
11101 phonuclear leukocytes In some aicas the mucus ineiges with the intracelluhr mueiis 
of the surface cells so that but a naiiow, eosinophilic zone of cytoplasm remains Ihis 
IS eithci anuelcai, 01 contains a defoinied, shrunken 01 swollen, pool 13’' denial cated 
nucleus Ihe houndaiics between the suiface cells m these areas aie not distinguishable 
El 3 till oe\ tes and hmphoeytes in gicatei numbcis aie found between and wathiii the 
suiface cells than in the original biopsv More of the suifaee cells aie basalh 
laeuolated but the degree of vacuolization is siinilai 

Ihe pits aie slight^" longei In the neck glands a few legulai mitoses aie present 
Ihe aigentaffine cells aie slight^" inoic nunieious 

The type and degree of infiltration and the alteiation of the neck and antral 
glands coi respond to that of the original biops3'’ The eosinophils m the muscularis 
mucosae aie slightly more numeious The edema of an occasional papilla is greater 
Focall3% theie is gi eater edema above the muscularis mucosae and betw'een groups of its 
muscle fibers The remaining coats of the gastric w'all are more edematous 

Congested capillaries at the summits of the papillae are more numerous but 
aie of the same caliber (one to three erythrocytes in width) A.t the pit-neck junctions 
congested capillaries three to six er3^throcytes m wudth and congested lenules eight 
to ten ervthiocytes 111 width are mote numeious The deeper portions of the mucosa, 
as in the original biopsy, aie relatively bloodless except for an occasional perpendicular 
congested venule (six to eight er3'throcytes in ,vidth) w’hich runs superficial^’’ from the 
muscularis mucosae A few venules, three erythiocvtes in wudth, and a few contracted 
arterioles are present above the muscularis mucosae The submucosal veins and the 
capillaries of the septa of the muscularis propria are more congested Focal hemorrhage 
occurs in the submucosa and the septa of the muscularis propria 
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COMMENT 

A study of Table 111 dcmoustiatcs (juite elcaily and conclusively that 
the {undamental histologic aichitectuie ol the biopsy specimens taken prior 
and subsequent to resection uas not essentially altered by the opeiation of 
subtotal gastiectomy pei se in an) of the 35 cases rvhich Meie anal) zed It 
should be lemembered, howevei. that the nuinbei and distiibution of the infil- 
tiating cells vaiied in many of the biopsy stiips fiom the same specimen, but 
such dift'eiences in adjacent mucosal aieas have been found to be common 

Houevei, the suigical pioceduie did produce changes ir the suiface of 
the mucosa, alteiations in the amount of tissue fluid thioughout the entiie 
gastiic rvall, and congestion of the blood vessels The amount of suiface 
mucus increased and the volume of intiacellulai mucus deci eased as the in- 
teival lengthened between the oiiginal biopsy and the lesection of the 
specimen In a few instances in which this inteival exceeded 20 minutes, 
the inti acellular mucus merged vuth that on the suiface Howevei, the loss 
of this mtracellulai mucus laiely produced significant cytoplasmic or nuclear 
changes in the suiface cells Mmoi changes 111 the shape and height of the 
papillae and in the width and contour of the pits were obseived When 
alterations of the surface cells, including basal vacuolization, focal pseudo- 
stratification (piling), vai ration in the position, shape and staining intensit) 
of the nucleus were noted in the oiigmal biopsy, they weie also present m the 
postresection specimens In some of these cases there were small numbeis 
of polymorphonuclear leukocytes aiound the neck glands or in the papillae 
i’l the postresection biopsies 

Stromal edema and capillary congestion of the papillae, and edema of the 
stionia supeificial to the muscularis mucosae were moie evident in the post- 
lesection biopsy, except in one case (Case No 75918), m rvhich the basal 
edema v^as less intense Generally, the mnsculaiis mucosae rvas more 
edematous It should be noted that the edema Mas most sti iking m the sub- 
mucosa and in the adjacent septa of the muscularis piopiia when the inteival 
behveen the biopsies exceeded 20 minutes 

Hemorrhage involving the entire mucosa occurred mainly near the edges 
of the original biopsy This was piesent regardless of the time inteual 
behveen the original biopsy and the resection The glandular acini rvei e sepa- 
rated by the extravasated blood but remained intact except in No 70421, 
in which desquamation of the antial cells nas piesent In No 76566 a small 
number of surface cells rveie destroyed ovei one hemoiihagic papilla Sub- 
mucosal hemoirhage rvas more striking and most maiked when the intervals 
exceeded 20 minutes The hemoirhage involved mainly those poitions of the 
subniucosa just beneath the musculaiis mucosae and abore the miisculaiis 
propna In Case i, Path No 7030S, in which but ten minutes elapsed between 
the original biopsy and the resection, the submucous hemorrhage w’as quite 
extensive The veins of the submucosa, and the capillaiies and r enules of the 
■^(‘pta of the muscularis piopiia weie moie congested 111 the postresection 
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biopsy The walls of some of these vessels vere infiltrated and sui rounded 
hy polymoiphonuclear leukocytes 

CONCLUSIONS 

1 No histologic differences of diagnostic significance were found in tins 
series of 35 cases in which preliminaiy and postresection biopsies were care- 
fully studied and compared 

2 Postresection specimens, if fixed immediately, lepresent, with minoi 
modifications, the histologic state of the gastiic wall existent prioi to resection 
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1 Githtz, A J , and Lerner, H H Interpretation of Gastroscopic Observations in 
Terms of the Histology of the Gastric Mucosa Presented before the section on 
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THE EFFECT ON GASTRIC ACIDITY OF GASTRO-ENTEROSTOMY 
AND GASTRIC RESECTION FOR PEPTIC ULCERS 
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New York, N Y 

FROM THE nrPARTMI NT OF SURGERT, NFW \ORK HOSPITAI AND CORNELI UM\ ERSIT\ MEDICAI COl I EOF 

NEW TORK, N T 

It is imporiant to know, if possible, the undeilying leasons for pei- 
forming gastro-entei ostonty and gastric resection foi peptic ulcei Paitic- 
ulaily in a teaching clinic, engaged in tiainmg young surgeons, we should 
know why ^Ye advocate the suigical methods uliich we teach and how they 
achieve then effects I need not, before this audience, take the time to discuss 
the reasons commonly advanced to explain why these pi ocedui es are effective 
or why they fail In more recent jears, as you are aw'are, the etiologic 
relationship between excessive acid and ulcei has been emphasized thiough 
the experimental and clinical woik of Dragstedt. Wangensteen, and many 
others, wdiose important woik deserres moie consideration than can be given 
It in so short a presentation As a lesult of this \vork some authors believe 
that the empiric surgical approach to the problem of ulcei in man can be 
abandoned and may now^ be approached scientifically on the basis that the 
acid secreted by the stomach is the important factor in the causation of ulcer 
Surgical procedures, theiefore, which abolish oi diminish acid gastiic secre- 
tion may be expected, on this basis, to cuie ulcer and prevept lecuiience 
It has been observed by a number of authors that gastro-enterostomy fails to 
alter acid secretion It does not, theiefore, to many, meet the lequirements 
of a surgical operation designed to cine ulcer, even though theie is abundant 
evidence in the literatuie that it relieves the symptoms and protects the 
individual against the complications of ulcer in a fairly high percentage of 
cases It has also been observed that gastric lesection, if of sufficient magni- 
tude, does dimmish oi abolish acid secretion and, therefore, more nearly meets 
the requirements of an ideal opeiation for the cure of ulcer Ceitain authors 
have gone faither in their appioach to the problem and find that not only 
resection, but specific types or methods of resection assure achlorhydiia more 
ceitainly than others Thus, foi example Wangensteen has found that with a 
resection of three-fourths of the stomach, and according to the Hofmeister 
01 Fiiisterei exclusion method (the latter with excision of antral mucosa), 

63 pei cent of his patients are achlorhydric, and fail to develop gastrojejunal 
ulcei 

It wtU be obseived that the lecent emphasis has been laid upon actual 
1 eduction 01 diminution of acid secretion by the removal of secietor}’’ gastiic 
mucosa The factors of dilution and neutralization of acid through surgical 
procedures — anoth er possible explanation foi then success if acid is tlie 

Read bj'- title befoFC the American Suigical Association, ila\ 13-14, 1943, Cin- 
cinnati, Ohio 
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impoitant facloi in the causation of ulcei — have not lecently leceived much 
attention Yet Diajjstedt, and otheis, have shown that food, panel eatic juice, 
gastiic and intestinal mucus, duodenal juice and bile, dilute and neutiali/e 
the acid and together piobably account foi the fact that the stomach does not 
constantly digest itself Theie seems no reason to belle^e that successful 
dilution and neutialization of acid may not be as effective a means of combat- 
ting ulcei as actual reduction in acid In gastro-enterostomy we know that 
postoperative!} the acid gasti ic secretion is only i ai ely significantly reduced , 
yet the opeiation, in our hands and in the hands of many others, gives satis- 
factoiy results ovei a long-term follow-up peiiod in 75 to 80 pei cent of 
cases In gastric lesection the changed conditions created aie much the same 
as in gastro-enterostomy There is an artificial stoma without sphinctenc 
contiol, oppoitunity foi lapid emptying of the stomach, possibiht} of regui- 
gitation of alkaline intestinal contents and, therefoie, of dilution and neutral- 
ization of acid The lemoval of acid-secreting mucosa, the result of resection 
may well be an added advantage of the opeiation m that it maj 1 educe the 
total volume of acid secieted But the factoi of dilution and neutralization 
remains as a reason foi the beneficial effects of resection and it is possible 
that the effect of 1 eduction of acid has been o\ ei emphasized The matter has 
more than academic interest The idea that acid is the impoitant factor in 
the genesis of ulcer may be sound , but the idea of controlling the production 
of acid by larger and larger resections has already led us to sacrifice the 
greater part of an often normal oigan without solving the problem of ulcer 
and with a mortality which must be considered WY ^believe that the subject 
warrants furthei study 

In the course of a study of some 1200 patients with peptic ulcer admitted 
to our wai ds in the past ten years, we have assembled those patients m ho have 
been subjected to opeiation and who haAe had careful pre- and postoperative 
acidity determinations made The detenninations all have been made b} the 
junior author and according to the histamine method of Bloomfield and Pol- 
land Only patients m whom the junior authoi is satisfied that both pie- 
and postopeiative acidity determinations aie above repioach are included in 
this presentation The determinations extend ovei a peiiod up to seven yeais 
after operation, and m many cases have been repeated o\er the years The 
credit foi this work belongs, then, to the junior author, the semoi author 
having meiely collected and tabulated the data and drawn such conclusions 
as seemed justified The purpose of the study has been (a) to determine the 
effect of gastro-enterostomy and gastric resection upon acid secietion, (b) 
to determine the acid secietion according to the magnitude of gasti ic lesec- 
tion, (c) to deteimine the results of opeiation in 1 elation to the postopeiative 
acid secretion, and (d) to deteimine the lesults of opeiation legaidless of 
the acid secietion 

I GASTRO-ENTEROSTOMY 

Seventy-five patients with gastro-enterostomy for gasti ic and dudenal 
ulcer, the latter piedominating, have been studied In all the pre- and post- 
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opei alive acidity determinations are satisfacmiy and leliable The lesults 
are shown in Charts i and 2 In Chait i, showing the postopeiative acidity 
deteimmations {ollo\Miig gastio-enterostomy, it is obseived that of the 75 
patients, 69 or 92 per cent, show fiee hydiochloiic acid equal to and, in the 
large majority, gi eater than 1101 mal (60° fiee HCl) , while but six, or eight 
per cent, have acidities below^ noimal The aveiage postopeiatn e acidit) foi 
the 75 patients is 82° free HCl In Chart 2, showing the pre- and postopei- 


HYDROCHtORIC ACIDITY IN 75 CASES POSTOPERATIVE ACIDITY 



Chart I Determimtions of gastnc acidiU in 75 patients after Gastroenterostom> 

ative acidities of 50 patients paiticulaily and lepeatedly studied, it wall be 
observed that 111 28, or approximately one-half of the cases, the preoperative 
acidity IS slightly higher than the postoperative, in 22, the postopeiative 
acidit} IS highei than the pi eopei ative In only fi\e patients is theie a sig- 
nificant diminution in acidity following opeiation The aveiage preoperative 
acidity for 50 patients is 90° fiee HCl, excluding the five patients, the avei- 
age postoperative acidity is 88° free HCl In the senes, the mterial of time 
betw^een opeiation and postopeiatne gastnc analysis does not appear strik- 
ingly to influence the findings , although it should be said that for the major- 
ity of patients the interval between operation and the last gastnc analysis is 
less than five yeais Regaidless of the mannei in which the clinical lesults 
aie compaied with the acidity, there does not appear to be am correlation 
between them Of the 75 patients studied, 56, 01 75 pei cent, after a penod 
ot follow-up of fiom SIX to ten yeais, haie satisfacton results following 
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gastro-entei ostomy , and in the piesence of postopei ative acidities which vary 
between 0° and 132° free HCl Nineteen, or 25 pei cent, have unsatisfactory 
results, and in the presence of acidities which vary between 50° and 130° 
free HCl 

Fiom a study of these 75 patients, then, it would appear that gastro- 
enterostomy affects the acid secietion of the stomach only in exceptional 
cases Moreover, it appears that the satisfactory and unsatisfactory results 

PRCOPERATIVE AND POSTOPCRATIVC ACtOtTY IN 50 PATIENTS 



Chart II Determinations of pre and postoperative gastric acidit% in 50 patients treated by 
Gastroenterostoin\ 

following operation can not, to any consideiable degiee, be related to the 
secretory activity of the stomach If a high acid is the impoitant etiologic 
factor in the genesis of ulcer and the cause of its peipetuation or its recur- 
rence, then gastro-enterostomy achieves its results probably by moie rapid 
and complete dilution and neutralization of acid 

II GASTRIC RESECTION 

Eighty-eight patients with gastric and duodenal ulcer subjected to gastric 
resection have been studied Of these, 63 had duodenal and 25 gastric ulcers 
They were subjected to resection of varying magnitudes Thirty-one patients 
had what maj’^ be called a minimal resection — less than one-half of the 
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stomach but including the anti urn, p3doius and ulcei beaiing duodenum — ^46 
patients had what may be teimed a modeiate resection — one-half to two- 
thirds of the stomach — and ii patients had a majoi lesection — over Iwo- 
thirds to three-quaiters of the stomach, 01 11101 e The lesults of these 
resections, which weie chiefly accoiding to the Billroth-II, Polya or Hof- 
meister methods, are shown 111 Tables I, II and III, and are summarized as 
follows 

Table 1 

THE EFFECT OE GASTRIC RESECTION IN KELATIOV TO ACID GASTRIC SECRETION IN 63 PATIENTS WITH DUODCNAI 
ULCER HAS BEEN A POSTOPERATIVE ANACIDITA IN 17 OR 27 PER CENT A LOW ACID (BEI OW 60° FREE HCL) IN IS 
OR 23 8 PER CENT, AND NO SIGNIFICANT CHANGE IN ACIDITA (60° FREE HCL OR MORE) IN 31 OR 49 2 PER CENT 
THE THREE GROUPS WITH ANACIDITA, LOW ACID AND NO CHANGE IN ACID ARE ANALAZED AS FOLLOW'S 

GROUP I 17 PATIENTS HAVING A POSTOPERATIVE ANACIDITY, OR ACHLORHYDRIA 


Number_of Satisfactory Clinical Unsatisfactory Clinical 


Extent of Resection 

Cases 

Results 

Results 

Less than of stomach 

0 



H to ^ of stomach 

16 

14 ( 87 5%) 

2 (12 5%) 

0\ er % to or more 

1 

1 (100 %) 


GROUP II 15 PATIENTS HAVING POSTOPERATIVELY A LOW ACIDITY 


Number of 

Satisfactor> Clinical 

Unsatisfactorx Clinical 

Extent of Resection 

Cases 

Results 

Results 

Less than H of stomach 

4 

4 (100 %) 


3^ to % of stomach 

9 

9 (100 %) 


Over to 5^ or more 

2 

2 (100 %) 


GROUP III 31 PATIENTS HA^UNG POSTOPERATIVELY AN ADEQUATE 


OR HIGH ACIDITY 



Number of 

Satisfactory Clinical 

Unsatisfactory Clinical 

Extent of Resection 

Cases 

Results 

Results 

Less than of stomach 

21 

18 ( 85 7%) 

3 (14 3%) 

to % of stomach 

9 

7 ( 77 7%) 

2 (22 3%) 

0\ er % to M or more 

1 

1 (100 %) 


. 

Table II 




THE EFFECT OF GASTRIC RESECTION IN RELATION TO ACID GASTRIC SECRETION IN 25 PATIENTS WITH GASTRIC 
ULCER HAS BEEN A POSTOPERATIVE ANACIDITA IN 18, OR 72 PER CENT A LOAV ACID IN FIVE OR 20 PER CENT, AND 
NO CHANGE IN ACIDITA IN TWO OR EIGHT PER CENT THE THREE GROUPS WITH ANACIDITA LOW ACID AND NO 

CHANGE IN ACID ARE ANALAZED AS FOLLOWS 


GROUP I 18 PATIENTS HAIUNG A POSTOPERATIl^ ANACIDITY 


Extent of Resection 
Less than of stomach 
Viio^oi stomach 
0\ er to % or more 


Number of 
Cases 


Satisfactory Clinical Unsatisfactorj Clinical 
Results Results 


2 2 (100 %) 

9 9 (100 %) 

7 7 (100 %) 


GROUP II 5 PATIENTS HAAHNG POSTOPERATIVELY A LOW ACID 


Extent of Resection 
Less than of stomach 
Vi to % of stomach 
Oa er % to 31 or more 


Number of 

Satisfactorv Clinical 

Unsatisfactorj Clinical 

Cases 

Results 

Results 

2 

2 (100 %) 


3 

0 

2 (66 6%) 

1 (33 3%) 


GROUP III 2 PATIENTS HAVING POSTOPERATIVELY NO CHANGE IN ACIDITY 

Number of Satisfactorj Clinical Un=atisfactor> Clinical 
Extent of Resection Cases Results Results 

Less than of stomach 2 2 (100 %) 

I'i to of Stomach 0 

0\er ormorc 0 
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SUMMARY or TMUTS I AND II — 88 I \TirNTS WITH DUODI N \I AND CASTHIC UICFR 


Extent 

Number 

Number 

Number 

Nnml cr with Sitisfactory 

Unsatisfac 

of 

of 

with 

with Low 

Normal or 

Clinical 

tory Clinical 

Resection 

Cases 

Anacidity 

Acidity 

High Acidity 

Results 

Results 

Less than of stomach 

31 

2 ( 6 4%) 

6(19 3%) 

23 (74 3%) 

28(90 3%) 

3(9 7%) 

Yn to of stomach 

46 

25 (54 3%) 

12(26 %) 

9(19 6%) 

41(89 1%) 

3 (10 9%) 

Ov er to M or more 

11 

8 (72 7%) 

2(18 1%) 

1(9 2%) 

11(100 %) 



(a) Of 31 patients with minimal gastric lesections eight, or 257 per 
cent, show postopeiativety a low acidity (less than 60° free HCl), of whom 
two have an anacidity, w'hile 23, or 743 pei cent, have an adequate or high 
acidity (60° free HCl, 01 moie) The follow-up of these 31 patients show's 
that 28, 01 90 3 pel cent, have satisfactor}' lesults three, or 9 7 pei cent, have 
unsatisfactoiy lesults 

(b) Of 46 patients with modeiate lesection, 37, or 804 per cent, show' 
postoperatively a low' acidity, of w'hom 25 have an anacidit}', w'hile nine, or 
196 per cent, have an adequate or high acidity The follow-up of these 46 
patients shows that 41, 01 89 i pei cent, have satisfactor}' lesults, five, or 
109 per cent, have unsatisfactoiy results 

(c) Of II patients w'lth majoi resection ten, 01 908 per cent, show' post- 
opeiatively a low' acidity, of w'hom eight have an anacidity, w'hile one, or 9 2 
per cent, has an adequate acidity The follow'-iip on these ii patients show's 
that all, or 100 per cent, have satisfactoiy lesults 

Although the numbei of majoi resections is too small to be conclusive, 
the above findings indicate (a) that gastiic resection does reduce acid gastric 
secretion, and m diiect piopoition to the extent of the lesection, and (b) 
that patients with postoperative low' acidity, 01 anacidity, have, as a group, 
had bettei results by ten per cent than those w'lth an adequate or high acidity 

But the study shows, also, that the satisfactory results from resection do 
not parallel the gastiic acidity The lesults of minimal lesection, follow'ing 
which only 25 per cent of patients have an acidity below' normal, are as good 
as those of moderate resection, follow'ing w'hich 80 per cent of patients have 
an acidity below' normal The results of majoi lesection follow'ing w'hich 90 
pel cent of patients have a low' acidity, are bettei than those of minimal and 
moderate resection m the small group of ii patients heie presented, but I 
feel reasonably sure w'lll not prove to be w'hen w'e include the majoi resections 
of those patients whose results we know', but w'hose acidity studies have not 
been completed Again, if we compare the lesults m all patients who, post- 
operatively, have a low acidity, with the lesults of minimal, modeiate and 
major lesections, regaidless of the lesulting acidity, w'e find that they ap- 
proach within five per cent of each other 

It would appear then, fiom our experience, (i) that subtotal gastric 
resection, of whatever magnitude 01 method, does not ensure an achlor- 
hydria, (2) that the beneficial effects of gastiic resection are not necessarily 

* Of the 88 patients with gastiic resection, 50 have been followed one to two years, 
30, two to five j'ears, and eight, five to ten years 
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due to the i eduction in acid secietion but commonly aie obtained, as in gastio- 
enterostomy, in the absence of significant change in acidity, and (3) that the 
chances of ensuring either achloihydria, or significantly better results, by 
increasing the magnitude of resections beyond a moderate lesection are 
rathei small There aie objections to majoi lesection The mortality 111 the 
hands of the majoiity of suigeons is rathei high It does not prevent recur- 
rent ulceiation, paiticulail)'- m duodenal ulcer, and it makes difficult and 
hazardous any fuithei suigerv if lecuiient ulceiation takes place 

SUMXLIRY AND CONCLUSIONo 

1 A study of the pie- and postopei ative acidities in 163 patients \Mth 
peptic ulcei subjected to gastro-entei ostomy 01 gastiic resection shous that, 
postoperatn ely, 61, 01 374 per cent, have achloihydria or low acidity, while 
102, or 626 per cent, have an adequate 01 high acidity In the piesence of 
these acidity findings, 136, or 834 pei cent, of the patients ha\e satisfactoiy 
clinical results This lack of con elation between acidit}'^ and results leads us 
to doubt that a reduction in acid secietion is the sole factoi in achieving the 
results in these two types of opeiation 

2 Following gasti o-enterostomy there is no significant change in acid 
secretion, yet in this series of 75 patients, 75 pei cent have satisfactoiy results 
over a follow-up period of six to ten years It must be presumed that dilution 
and neutralization of acid lather than 1 eduction m acid is the eftective means 
of achieving these lesults, if acid is the important factoi in the genesis of ulcei 

3 Following gastric resection there is, in general, a reduction in acid 
secietion in propoition to the extent of the resection But lesection of any 
magnitude, consistent vith a leasonable mortality, does not, m oui expeiience, 
ensure achlorhydiia Moreovei, when we compare the clinical results with 
the acidity, ^\e again find a lack of correlation, for 111 minimal lesection, as 
above described, go per cent of the patients have satisfactory lesults, nhile 
25 pel cent have a leduction in acid It is probable that in resection, also, 
dilution and neutralization of acid are impoitant factors in the lesults obtained 

4 If these findings are confirmed by otheis, it would appear of doubtful 
value to pursue the idea of ensuring achlorhydi la and, therefoi e, bettei results 
by largei and laigei resections It may be bettei to accept the limitations of 
resection as a treatment of ulcei and adopt an opeiation of lessei magnitude 
which ensuies fairly satisfactory results with a leasonable mortality and 
peiimts furthei surgeiy if recuirence takes place 

5 The findings presented do not contiOAeit the etiologic relationship 
between acid and ulcei It is possible that operations other than those dis- 
cussed, which aie now'^ being tested in oui department, may not only suppoit 
the present evidence of this relationship but achieve a 1 eduction m acid moie 
constantly than does gastric resection 
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CHOLECYSTO - ENTEROSTOMY, CHOLEDOCHO - ENTEROSTOMY 
AND ENTERO-ENTEROSTOMY BY MEANS OF RUBBER BANDS 
THE USE OF RUBBER BANDS IN 
THE MIKULICZ OPERATION 

J Shelton Horsley, M D 

AND 

Major Gut Winston Horslet, M C , U S Armt 

Riciimoku, Va 

A SPECIAL RUBBER CORD Yas uscd by Theocloie A McGiaw^ moie than 
50 years ago 111 gastric and intestinal siiigery The stomach wall is thick 
and not very satisfactoiy foi this technic The contents of the stomach 
and upper small intestine usually have but few bacteria, and an adequate 
communication between them can best be made by incision and suturing 
However, theie seems to be a place for a practically aseptic closed technic 
m which an opening can be established between viscera with highly septic 
contents If this can be done with ordinary rubber bands instead of 
special elastic coids and special instruments, it would seem desirable 

We have perfoimed nine experiments upon dogs, anastomosing the 
limbs of a loop of small bow^el to each other 01 the small bow^el to the 
cecuni In tw^o experiments, after 24 hours theie w'as 
slight neciosis of the tissue and in one, a small fistulous 
opening After j .8 hours there w'as a larger fistulous 
tiact In other dogs, after tw'o w^eeks, theie were no 
symptoms of obstiuction even w^hen the loop of bow^el 
between the application of the band was occluded In 
three of the experiments the lubbei band w’^as sui rounded 
with catgut sutuiing In six there w^as no sutuung, the 
band alone w'as used In none of the experiments was 
there any evidence of peritonitis or leakage 

In both experimental and clinical w^ork the ordinal v 
stationei’s No 32 lubber band is cut obliquely and 
thieaded into a laige, cuived needle without a cutting 
point, foimerl}'^ called a catgut needle (Fig i) Tw'O 
segments of bow^el, 01 the bowel and the gallbladdei, 
show Un'iT needle i^”'*Fed wuth a continuous sutuie of fine chromic 

stftiS's'rubbe^Vnd catgut (Figs 2 and 8) The lubber band wath the 
needle °^d"'^band "are needle IS dipped into lodiiie solution just before being 
lo’dine'^iustlieforebeing Rscd A loug, dccp bite IS taken 111 oiie loop of the viscus 
cfampe^*'^-ivi'tb 'hem” band IS damped wntli a hemostat The 

static forceps so that hand IS di awm till ough under coiisidei able teiisioii A second 

the band can be ap ° 

plied under tension jg taken 111 the apposiiig VISCUS 111 the opposite direc- 

* Read bj title before the American Surgical Association, May 13-14, 1943, Cincin- 
nati, Ohio 
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tions (Figs 3 and 9) A }3ite of thiee to five centimeters may be easily 
obtained b} puckering the bowel so the needle can catch a much longer 
bite than if the bowel weie held smooth (Fig 8) 

While m SIX expeiiments there was no suturing and no leakage, clin- 
ically, it seemed safer, and added very little to the time and difficulty of the 
opeiation, to suiiound the band with a continuous sutuie of fine chiomic 
catgut In the clinical cases, also, there has been no leakage In all of the 
clinical cases the band has been reinfoiced b)'’ suturing In two patients upon 
whom an entero-entei ostomy nas perfoimed, and the patients died fiom other 
causes, it was found that the band had not cut through in one case, Mr 
A F D (Case No B-8307), eight days aftei operation, and there 
N\as only a very small opening betveen the loops in another case, Mr W 
P M (Case No B-9726), ii days after operation In these two cases 
only a single band was used In one othei case, Mrs NGN (Case 
No C-2415), the tuple band technic w^as used to by-pass a small segment 
of bowel injured by a femoral hernia The bowel ivas not gangrenous 
The second and third bands were very small and no incision in the peri- 
toneum embraced by the rubber band (as is now done) \vas made Four 
days later there was obstruction, the loop of bow^el with the bands was 
resected and the patient recoveied satisfactorily The specimen show^ed 
the bands had not cut through Although this was only four days after 
the operation it w^as contrary to our experience in the experimental work, 
for in all of the dogs after 48 hours there' was a fistulous tract between the 
apposed bow'els, though in some it was rather small Therefore, we modi- 
fied the clinical procedure, for it w^as apparent that wdien the apposing w^alls 
of viscera are brought togethei by the rubbei band, tissue is compressed 
with the peritoneal surfaces in intimate contact This makes for strong 
union of the portion of bowel ivithin the grasp of the band and the com- 
pressed tissues heal together firmly and solidly and may offer such lesistance 
that a fistulous opening does not form 

The technic as now^ employed is as follows The apposing viscera are 
united ivith a row'" of continuous sutures of fine chromic catgut (Figs 2 and 
8) A No 32 rubber band is passed, as described, wdnle sufficient tension 

IS made on the band to reduce its size If the end of the band is clamped 

and firmly held Avhile the band is being passed undei traction, Avhen 
the traction is leleased, the band enlarges, fills the needle hole, and 
prevents leakage This makes the procedure piacttcally aseptic In one 
case, the anastomosis w^as made with the gallbladder and. A\hen fine 
chromic catgut sutures were passed between the gallbladder and the bowel, 
there was slight leakage of bile though when the band was passed 
through the bow^el and the gallbladder there w'as no leakage The rubber 
band is earned through the viscera to be united, but it is not tied (Figs 
3 and 9) Then a second No 32 lubber band, in the same type of needle 

IS passed through the bite in the bowel made by the first band on one 

side and a thud band is similarly passed on the opposite side An in- 
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cisioii IS made thiongh the peritoneum and some of the muscular coat 
of that iDortion of the bowel within the grasp of the last two bands and 
each of these bands is tied down snugly (Figs 4 and 10) Then the first 
band is tied seveial times veiy tightly (Figs 5 and ii) The suturing 
around the lubbei band is completed (Fig 6) 

In this mannei the situation as regards compression of the apposing 
surfaces is mateiially alteied Instead of having two peritoneum-coveied 
sui faces appioximatmg each other under heavy pressure, wnth the optimum 
conditions foi stout union, the inner lubber bands prevent this union, not 



Fig 6 — The posterior suture his been completed anteriorly and is tied to its origiml 
end In addition, a series of interrupted mattress sutures is placed The ends are left 
long and a tag of omentum or peritoneum coiered fat is carried around the amstomosis 
and fastened in position bj passing through it the long ends of the mattress sutures 


only by preventing approximation of the peiitoneum of the apposing Ausceia, 
but then own compression in each loop of the visceia makes independent 
openings The incision in the peiitoneum also aids m establishing an 
opening In the triple lubber band technic suturing is essential 

From May 15, 1941 (the first case) to January i, 1943, the rubber band 
operation has been performed 19 times on 18 patients The technic with 
a single rubber band was used m nine operations, and wnth the triple 
rubber bands in ten operations In all of the recent cases the triple rubber 
bands have been employed 

The indications for this operation may be classified under four heads 
(i) Foj obstruction of the tenmnal portion of the common duct When 
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the obstruction is from a calculus, the stone should be removed even 
though the duodenum must be incised, and this usually suffices But in 
obstruction from a malignant giowth in the head of the pancreas or in 
the ampulla of Vater, when a radical opeiation does not appear wise, or 
111 obstruction from a benign lesion, such as a stricture, this procedure is 
indicated However, it is subdivided into (a) cases in wdiich the gallbladder 
IS piesent (Fig 2) , and (h) cases in w'liich the gallbladder has been pre- 
viously removed (Fig 7) We have had cases under both of these 
subheads 

(2) Infesknal obst)Uction 

(3) Enfei o-cnte) ostomy as ait adjuvant to antenoi gasti o-entei ostomy 
01 to total gash ectomy 

(4) In the Miknhcz-type of opetahon 

(la) — In terminal obstruction of the common duct w'hen the gallbladder 
IS present and its exploiation is desired, the gallbladder may be emptied 
with a trocar and cannula, incised, and explored with the finger The 
incision is closed wnth a purse-string suture and the technic is then applied 
as though the gallbladdei had not been opened The exploration may be 
unnecessaiy The excellent procedure of Brunschw'ig,- wdio, in excision 
of the duodenum or head of the pancreas for cancer, brings over a loop 
of jejunum and anastomoses it with the gallbladder, is employed A 
loop of jejunum is selected at a distance of about two feet from the origin 
of the jejunum so theie can be no kink or tension The loop is brought 
either over the tiansverse colon or through the mesocolon and fastened to 
the gallbladder wuth a continuous suture of fine chromic catgut (Fig 2) 
With the thin w'all of the gallbladder and only a small opening needed, 
probabl)'- a single rubbei band is all that may be necessary, but the three- 
band technic piovides a larger fistula The band is inserted through the 
apex of the loop of the bow^el, catches a bite of about tw^o centimeters, and 
then IS passed thiough the gallbladder in the opposite direction (Fig 3) 
The peritoneum of the bowel is incised and the band is tied verj"^ tightly 
(Figs 4 and 5) The row' of sutures of fine chromic catgut is again 
taken up and continued antenoi 1 }', burying the band (Fig 6) A few 
mteirupted mattress sutures of fine chiomic catgut are placed and the ends 
aie left long A tag of omentum or pei itoneum-covered fat is carried 
around the anastomosis, and the ends of these sutuies aie passed thiough 
the peritoneum-covered fat and tied firmly At the base of the loop an entero- 
entei ostomy is made by thiee lubbei bands 

We have had tw'o cases of benign obstruction in wdiich this was done, 
with very satisfactoiy recovery, and clearing up of the jaundice Mrs 
AMR (Case No C-433), age 55, was opeiated upon May 29, 1941 
Her icterus index on May 26, 1941 w'as 55 Mr E B McM (Case No 
C-244), age 64, was operated upon July 17, 1942 His icterus index 
on July 14, 1942, w'as 33, and on February 2, it w'as 8 
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In a third case, Miss B R G (Case No B-2607), age 45, had a 
ladical opeiation for cancel of the light bieast on July 28, 1936 Her 
health seemed good until Decembei, 1941, when she became jaundiced, 
without pain, and wuth acholic stools On Januaiy 6, 1942, her icteius 
index was 131 She was opeiated upon Januaiy 7, 1942 No malignancy 
w-as demonstrated, but the gallbladdei was enlarged, and there w'as slight 
thickening of the head of the pancreas She had se\eral chills during her 
convalescence, apparently from cholangitis She w^as dischaiged fiom the 
hospital March 14, 1942, impioved Icteius index 284 Repoit Apiil i, 
1942, shows some jaundice still piesent, and the bowels move seveial 
times a day She has had no chills since July, 1942 

In a fourth case, following dismantling of a pievious cholecystoduo- 
denostomy, union to the gallbladder w'as made wuth sutuies and entero- 
enterostomy of the jejunal loop wuth a lubbei band This case is par- 
ticularly interesting, because it show's the bad result that may follow' 
union of the gallbladder to the duodenum If there is a benign lesion 
and the acid contents of the stomach aie normal 01 elevated, sooner or 
later, the reflux of the gastric contents as ejected from the stomach into 
the duodenum and the gallbladder causes cholecystitis Mr L F (Case 
No A-6273), age 44, had been operated upon elsew'heie m November, 
1930, for w'hat appealed to be a benign obstruction of the terminal com- 
mon duct Cholecystostomy w'as perfoimed, and the bile drained con- 
tinuously onto the surface of the abdomen On March 16, 1931, we anas- 
tomosed the gallbladder to the duodenum He made a satisfactoiy immediate 
recovery, and for ten years seemed to be in good health Finally, how'ever, 
he had enlargement of the liver and intense jaundice On November 4, 
1941, we disconnected the cholecystoduodenostomy, closed the duodenal 
w'ound, united the gallbladder to the apex of a loop of jejunum by sutuies, 
and made an enter o-enterostomy m the limbs of the loop by a single rubbei 
band The liver w'as much enlarged and showed extensive hepatitis and 
cholangitis The gallbladder w'as hypeitrophied and thickened Obviously, 
the impulse of the stomach in expelling gastric contents into the duodenum 
had forced the gastric contents into the gallbladder For a w'hile the patient 
did fairly w'ell, but then he developed symptoms of sepsis and died on 
December 31, 1941 Necropsy show'ed the liver greatly enlaiged, with 
multiple abscesses and a subdiaphragmatic abscess The union of the 
bow'el to the gallbladder and at the entero-entei ostomy w'as quite satis- 
factory, and the communication between the limbs of the jejunum was 
wide, even though a single rubber band w'as used This w'as one of the 
earlier cases before using the triple bands 

(ib) — Obshuetton of the Teimmal Common Duct token the Gallbladdo 
had been Pievionsly Removed We have had three cases of this kind In 
one, Mrs J F H (Case No C-755), age 54, the gallbladder containing 
stones had been removed elsewhere about nine months before her admission 
to the hospital, w’lth symptoms of common duct stone She was jaundiced 
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and the liver was much enlarged Icterus index 27 At operation, on 
July 18, 1941, the common duct was greatly dilated and five large stones, 
with some thick, muddy fluid weie lemoved fiom it A loop of jejunum was 
anastomosed to the common duct A small lubber band was placed only 
in the jejunum and the bowel around it was sutured to the incision in 
the common duct with two lows of fine chromic catgut Omentum vas 
also sutured around the anastomosis An entero-enterostomy was per- 
formed between the two limbs of the loop of jejunum by the single rubber 
band technic The patient made a satisfactory recovery and the icterus 
index 18 days after operation nas 8 Apiil 3, 1943, the bile tract seems 
to be functioning satisfactoiilj'' 

In another case, Mrs A P (Case No A-8230) age 62, there was a 
fistulous tract from the common duct which seemed to discharge all of the 
bile externally The gallbladder had been removed elsewhere The fistulous 
tract followed along the outer wall of the duodenum At operation, in 
September, 1942, a loop of jejunum was opened, sutured securely to the 
fistulous tract at the level of the duodenum, and a lateral anastomosis vith 
three rubber bands was made between the two limbs of the loop of jejunum 
The patient made a satisfactory recovery 

In the third case, Mrs L W J (Case No C-3247), age 48, there was 
extensive pancreatitis, hepatitis and cholangitis The diseased and thickened 
gallbladder had been removed by us four weeks previously The jaundice, 
however, continued, and there was obstruction at the pylorus by the pan- 
crease Under local anesthesia, on October 20, 1942, a posterior gastro- 
enterostomy was performed and a loop of jejunum was anastomosed to the 
dilated common duct The apex of the loop of jejunum was sutured to the 
undersurface of the common duct with fine chromic catgut A rubber band 
was passed through the apex of the loop and the dilated common duct and 
was tied tightly (Fig 7) The suturing was continued around the rubber 
band This was reinforced by a few interrupted sutures of fine chromic 
catgut, and peritoneum-covered fat was brought around the union An 
entero-enterostomy was performed between the limbs of the jejunal loop 
with the triple rubber band technic (Fig 7) The icterus index which had 
been 100 gradually came down to 19, and the liver receded somewhat The 
patient improved for a while, but then gradually sank and died Januaiy 
24, 1943 Necropsy showed multiple small abscesses in the liver, one of 
which had ruptured The union of the jejunum to the common duct and of 
the entero-enterostomy was satisfactorj'- 

(2) — Intestinal Ohstiuctwn We have had five operations of this kind 
in four patients In some cases of intestinal obstruction, especially when an 
abdominal operation has preceded the obstruction bj'^ months or years, merely 
severing the obstructing adhesions is sufficient However, in other cases 
there may have been organic change in the bowel from the compression, so 
something further is indicated We have had two cases of this type In one, 
Mr H C M (Case No B-9798), age 47, there was complete obstruction in 
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the lower pait of the ileum resulting fiom a band of adhesions that seemed 
to have produced some necrosis of the bowel, though theie was no leakage 
After dividing the band at operation on May 15, 1941, the necrotic area was 
piotected by folding over and suturing the bowel above and below tins aiea 
Howevei, even after dividing the band, a legion of probable obstruction was 
left by the infolding of the bowel The rubber band technic, using a single 
band in this instance (our first case), was applied and the patient made a 
satisfactory lecovery In intestinal obstruction where the wall of the bowel 
IS thin, the single rubber band is probably as satisfactory as the triple 
lubber band, but if this had been one of the later cases, we would have used 
the triple rubber bands 

In another case, Mr W B K (Case No C-2873), age 31, the patient 
had had his appendix removed elsewhere 14 years before being admitted 
to St Elizabeth’s Hospital There had been episodes of sudden pain m 
the upper abdomen, which quickly disappeared The diagnosis was un- 
certain While keeping him undei observation, there were several of 
these attacks, all with pam in the upper epigastric region He finally had a 
severe continuous attack, with distension and obvious symptoms of ob- 
struction At operation, on October 6, 1942, a series of constricting adhesions 
was found extending over the lowei ileum The adhesions seemed to result 
from the previous appendicectomy After dividing them the lower ileum 
was found to be thickened and compressed The triple rubber band technic 
was used between the dilated loop of ileum just above the constriction and 
the cecum The patient made a satisfactory recovery for six days, and 
then had symptoms of sepsis He was operated upon again, October 12, 
1942, and an abscess in the pelvis was drained The area of the anastomosis 
was inspected as carefully and gently as possible, and no evidence of leakage 
was found Another ileocolostomy, with rubber band, was performed just 
above the previous one A Witzel-type of cecostomy was made, with a small 
rubber catheter This was perfoimed because theie had developed con- 
sideiable intestinal distension, apparently from the sepsis in the pelvis, 
lather than from mechanical obstruction as in the fiist instance The 
catheter came out a few days later and there was no leakage of fecal matter 
He recovered satisfactorily 

Another case. Miss A C (Case No C-1267), age 19, had partial 
obstruction at the terminal duodenum On Februar}^ 12, 1942, a duo- 
denojejunostomy was performed with a single rubber band No 32 She 
made a satisfactory recovery and seemed gieatly relieved 

In a fourth case, already referred to. Mis N G N (Case No C-2415), 
age 62, obstruction followed the application of the rubber bands and an 
open resection was performed, with recovery There was a strangulated 
femoral hernia on the right side and the bowel uhen released shoved a 
small bruised area This was infolded with sutures and was b} -passed 
with an entero-enterostomy, with the triple rubber band technic Ob- 
struction resulted fiom the combination of these procedures and a resec- 
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tion was peifoiined on the 4lh cla)^ aftei the opeiation She lecovered 
satisfactoi ily 

\Miile It has been appaiently i:)ioved b}' Gatch, and otlieis, that theie is 
no specific toxin in intestinal obstiiiction and that liealtliy mucosa under 
noimal conditions does not absoib the toxic material in the intestine, it is 
undoubtedly tiue that m an obstiucted loop of bowel there is a great 
multiplication of the normal bacteiial contents and the Bacillus aciogena 
capsiilafus oi a similar Bacteiium is usually present An enterostomy undei 
these conditions is b}'' no means an innocuous pioceduie, even though 
the gieatest care is taken to wall-oft the bouel at the site of the operation 
Theie is a possibility of a slight contamination following along the outei 
wall of the cathetei oi tube fiom the bow'cl into the abdominal w^all That 
this is not merely an academic pioblem has been shown m tw'O experiences 
of our owm While ive have peifoimed hundieds of entei ostomies with 
satisfactoi}^ results, m these tw'O cases although theie had been no obvious 
soiling, gas infection developed in the abdominal wall and the patients died 
They were given the usual tieatment of fiee incisions, the application of 
peroxide of hydrogen, and i oentgenothei apy 

In lecent yeais the use of the Miller- Abbott tube has helped very much 
m these cases of distension, but m some cases opeiation must be peifoiined, 
and wdiere there is the possibility of a residual partial obstruction, an entero- 
enterostomy wdnch wall by-pass the lesion w'lthout opening the bow'el should 
be an excellent piocedure This technic w'ould seem paiticularly indicated 
where radical opeiation cannot be undertaken in cancer of the colon, as in 
the splenic flexuie, though we have had no case of this kind since using 
the lubber bands 

(3) — Entei o-entei osiomy as an Adjuvant to Anteuoi GasU o-entei ostomy 
01 Total Gasti ectoniy This has been undei taken thiee times In the one 
instance of total gasti ectomy the entero-entei ostomy w^as made by a single 
lubber band Mi A F D (Case No B-8307), age 54, w^as opeiated upon 
Maich II, 1942 He died on Maich 19, 1942 Neciopsy show^ed that the 
patient died of pneumonia, hut theie w^as a small w'alled-ofif abscess around 
the junction of the jejunum with the esophagus The entei o-enterostoniy 
with a single rubber band appealed in perfect condition There w^as no 
leakage and piactically no pentoneal leaction aiound it, but on opening 
the anastomosis the lubbei band had not cut thiough and theie was no 
communication 

In another case. Mis G R N (Case No A-35), age 64, a posterior 
gasti o-enterostomy was pei formed on Septembei 23, 1941, because there 
was a large obstructive mass in the pyloiic legion of the stomach The 
posteiior gastro-enterostomy did not function An anterioi gastro-entei- 
ostoniy and entei o-entei ostomy, wuth a single band w^ere perfoimed on 
October 14, 1941 This, too, did not function Fourteen days aftei the 
anterior gasti o-entei ostom} , a jejunostomy w'^as established low^er down 
for feeding and a mushioom cathetei w^as nisei ted The patient who had 
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been sustained intiavenously was in quite a desperate condition The 
mushioom cathetei pulled out because of too much tension on it uheie 
It was sutuied to the skin The j^atient died fi om peritonitis the following 
day Necropsy showed no definite cause for the failuie of the function of 
either gastro-entei ostomy The stomata weie adequate and well placed The 
gallbladder contained one large stone and seveial small ones The gall- 
bladder was densely adherent to suiioundmg tissues and to the duodenum 
Theie had been an old perfoiation of the gallbladdei into the duodenum, 
caused by the large stone, and this had been walled-oft by adhesions The 
mass was thought to be cancel and inoperable The enteio-entei ostomy uas 
found m good condition and i 5 cm m diametei Theie uas an erioi m 
assuming that the pyloi ic mass was malignant Doubtless, if its ti ue natui e 
had been recognized and the piopei pioceduie adopted, the patient would 
have recovered 

In a third case, Mi A¥ P M (Case No B-9y26), age 53, ivas operated 
upon June 19, 1942 An anterior gastio-entei ostomy, ivith enteio-enter- 
ostomy by a single band, was perfoimed foi extensive mfiltiatmg caicmoma 
of the stomach He died June 30, 1942 Neciopsy showed death due to 
pulmonary embolism The enteio-entei ostomy show^ed a veiy small opening 

(4) The Mihihcc-iypc of Opoafwn Theie aie fom cases undei this 
head The triple rubber band technic may be used a shoit distance below 
the ends of the bowel (Figs 8, 9, 10 and ii) Drawing the lubber bands 
tightly duimg insertion makes the proceduie practically aseptic No fecal 
matter escapes A small stoma seems to be established in 48 houis, and it 
is usually unnecessar} to leniove the clamps on the ends of the bowel 

In one patient, Mrs G W M (Case No B-7798), age 59, this enteio- 
entei ostomy w^as performed aftei lesection of the cecum and ascending colon 
on July 24, 1942 The end of the ileum and the stump of the tiansversc 
colon w^ere brought up as in a typical Mikulicz proceduie The thiee lubber 
bands were nisei ted, as desciibed The patient had a bad heait and died 
seven days after operation from caidiac failuie The bow'^els had moved 
noimally Necropsy show^ed no evidence of sepsis at any point The clamps 
on the ends of the bowl'd w’^eie still holding, there was no fecal leakage, and 
theie was a wnde opening between the tw'^o limbs of the bow'el It seems 
that the ends of the bow^el might have healed solely by the pressuie of 
the clamps 

A rather stout patient, Mis H K P (Case No B-1821), age 45, had 
acute symptoms in the low'^er left abdomen She w as operated upon 
Novembei 2, 1942, the day follownng admission A short segment of 
sigmoid was found swollen, with its mesosigmoid gieatly thickened and 
edematous On sepaiatmg the adhesions of this segment fiom the parietal 
peiitoneum some pus exuded It was obvious that a diverticulum had per- 
foiated into the mesosigmoid and foinied an abscess which had been 
tempoiarily walled-off by the parietal peritoneum The segment of bowel 
9 5 cm long, was doubly clamped and resected with the electric cauter), the 
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two stumps were brought into the abdominal wound as m a Mikulicz pro- 
ceduie, and an enteio-entei ostomy with the tuple lubber hand technic was 
made The patient had very little discomfoit Seven days aftei opeiation thei e 
was a bowel movement by anus, and on the same day a small amount of fecal 
matter leaked from the stump of the bowel The clamps were removed 
five days later (12 days after the operation) One end had apparentl} 
healed The anastomotic opening was obstructed by an impaction of 
fecal matter This was removed and, with the finger, the opening vas 
located, and two stout rubber bands were passed through this opening 



Tig 10 — The second nnd third rubber bands ln\e been passed On the r !,ht side 
the second rubber band has been tied down after an incision through the peritoneum 
and superficial muscular coat as shown on the left side 


and tied down snugly on the remaining spur Some sutures hi ought the 
ends of the bowel together and the abdominal vound vas strapped lathei 
snugly over them The patient was discharged from the hospital 33 days 
after operation, with a small fecal fistula which would lemam closed for 
several w'eeks and then wmuld dram On April 7 1943, under local and 
sodium pentothal anesthesia, the fistula was dissected out and the small 
opening m the bow^el w'as sutured She left the hospital the following day 
The fistula had caused but little inconvenience Theie was no evidence 
of hernia 
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Mis G A J (Case No C-2592), age 61, entered the hospital, July 19, 
1942, with intestinal obstruction from carcinoma of the splenic flexure 
On the following day a cecostomy was performed Nine days later the 
splenic flexure of the colon (the site of carcinoma and veiy adherent) 
was excised, including a small poition of the diaphragm A Mikulicz opera- 
tion, with the triple lubbei band technic was used On August 12th two 
rubber bands weie passed through the entero-enterostomy opening and 
were tied tightly ovei the spin The spin, however, continued too promi- 
nent and, August 22, 1942, thiee lubbei bands, each on a needle, were 
passed thiough the spin, and the ends of the bow^el weie folded ovei and 
sutuied This w'as followed in a few' days b} rather piofuse fecal dis- 
chaige and the patient was losing stiength so, September 12 1942, an 

attempt w'as made to close the colostomy It w'as found that though the 
spill had been eliminated a poition of a loop of small bow'el had been 
caught w'lth a rubber band mseited on August 22, 1942, and there w'as a 
fistulous tiact fiom the small bow'el into the colon This w'as disconnected, 
the small bow'el w'as sutuied, and the colon closed The patients heart 
condition had been poor and toward the end of the operation the blood 
piessiiie dropped and could not be lestored She died a few' hours later, 
apparently of cardiac failure Necropsy showed the heart about normal 
size though the muscles w'eie flabby and thin There w'as infiltration 
aiound the tail of the panel eas and the diaphragm The opening in the 
jejunum w'as about ten inches fiom its origin Theie w'as no evidence of 
bleeding and theie was practically no blood lost during the opeiation The 
tissue fiom the region of the leseclion, howevei showed cancer, w'lrch had 
not been removed The presence of the fistula in the jejunum w'hich was 
caused bj' catching a loop of the small bowel w'lth a iiibbei band in a needle 
undoubtedly added to the w'eakness of the patient w'ho w'as already in 
poor condition 

Another case. Mi J P W (Case No C-3068), age 66, had been 
operated upon elsewhere about eight years befoie admission for carcinoma 
of the lower sigmoid A lesection w'as peifoimed It w'as a low-grade 
carcinoma, and he made a satisfactory recovery Recently he developed 
a polypoid-hke growth in the rectum Biopsy showed low-grade cancer 
about giade i 5 There w'as a mass in the abdomen where the resection 
had been pieviously done Theie weie symptoms of occasional obstruction 
at that point On December 4, 1942, an abdominal incision was made 
The mass consisted of infiltrated bow'el at the side of the previous re- 
section There seemed a possibility of recuirence of the cancer, but at 
any rate there was obstruction at that point A Mikulicz type of opera- 
tion was performed, and the triple rubber band technic was used between 
the limbs of the sigmoid that were brought together A posterior linear 
proctotoni)' w'as then perfoimed, and the grow'th, w'hich was on the left 
side of the rectum, w'as excised with the cautery The segment of sigmoid 
was not malignant, but made an occasional obstruction The rectal grow'th 
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was a low-grade carcinoma On the fourth day aftei operation theie \\as 
distension of the colon There was apparently fecal impaction at the site 
of the entei o-entei ostomy The pioximal clamp was removed and a cathetei 
w^as inserted This relieved the symptoms Eleven days aftei the opeiation 
twm No 32 rubbei bands w^ere passed through the anastomotic opening, 
which leadily admitted the finger, and weie tied down snugly on the le- 
maining poition of the spin A few^ sutuies w^ere placed on the stump of 
the bowel After that there was a model ate dischaige of fecal mattei 



luG II — The rubber bands bT\e all been tied and the origin il ‘future \\ill be 
t iken up and earned forward, bur> ing the knots of the rubber band 


thiough the fistula, though the bowels moied quite fieely through the 
lectiim How^ever, the abdominal w^all w^as thin and the mucosa eveited 
It w'as necessary to close the stoma on March 13, 1942 There w\as no 
recuiience of the cancer He made a satisfactoi} recovery 

When the clamps are removed a ruliber band may be passed down 
one stump, thiough the opening made by the lubber band entei o-enterostom\ 
and bi ought up thiough the othei stump tied tiglith and the bowel ends 

573 



HORSLEY AND HORSLEY 


Annals of Surgery 
October 1943 


sutuied over the band This completes the division of the spur in a few days 
If the rubber band entero-enterostomy is not performed at the time of 
the Mikulicz operation, when the clamps are removed a few days after- 
waid a rubber band can be passed thiough the spui with a needle and tied 
snugly (Fig 12) The ends of the bow'el are then approximated ovei the 
rubbei band There will almost ceitainly be some fecal leakage for a 
while, but it will be greatly i educed 



%\ithin two or three dajs In one patient, Mrs G W M, who died from a 
cardiac condition seven dajs after the operation, the opening was wide, there 
had been natural bowel movements, and the clamps were still in position with 
the ends of the bowel apparentlj healing Usuallj, however there will be 
some leakage from the stumps of the bowel and w hen the clamps are remov ed 
a rubber band can be pass^ through the anastomotic opening and tied down 
tightly on the spur, which completes the elimination of the spur, and the ends 
of the bowel are sutured over this There is usually some leakage but it maj 
graduallj cease, particularly if the abdominal wall is fat ^Vhen however the 
preliminarj entero enterostomv has not been made, a rubber band can be passed 
through the spur with a needle from one lumen of the stump to the other and 
tied down snugly This drawing shows that such a procedure approximates the 
ends of the bowel much better than the application of a clamp 


SUMMARY AND CONCLUSION 

A closed and practically aseptic method for cholecysto-eiiterostomy, 
choledoclio-enterostomy and entero-enterostomy with ordinal y rubber bands 
IS described No unusual apparatus or instiument is required 

When this procedure is employed in connection with the Mikulicz type 
of operation, it simplifies the elimination of the spur and ma}'' do away with 
the necessity of a subsequent formal operation foi closing the bowel, which 
is the chief objection to the Mikulicz operation 
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SOME PHYSIOLOGIC PROBLEMS IN SURGERY 
OF THE PANCREAS-' 

Lester R Dragstedt, M D 
Chicago, Ili. 

FROM THE DEPARTMENT or SURGERY, UNIVERSITY 01 CHICAGO CHICVGO ILL 

The operations intioduced Y hippie, and his associates,^ for the 
tieatment of carcinoma of the ampulla and hy Briinschwig- for carcinoma of 
the head of the panel eas, lesult in the lemoval of the duodenum and portions 
of the panel eas vaiying fiom a small segment to seven-eighths, or more, of 
the entile oigan In most of the cases the panel eatic ducts are ligated so 
the patient is depiived of the digestive action of pancreatic juice in the 
intestines and the panel eas lemnant undeigoes vaiying degiees of atrophy 
Theie aie, thus, piesented to the suigeon many problems that -were formerlj 
of concern only to the physiologist I should like to comment on some of 
these questions and to indicate, so fai as I may, the present status of our 
knowledge m this field 

I IS COMPLETE REMOVAL OF THE DUODENUM COMPATIBLE "WITH LIFE^ 

I filst became mteiested m this pioblem in 1916, dining the course of 
studies on the cause of death in intestinal ohsti iiction ^ At that time, it vas 
quite geneially believed that the duodenum was an organ essential to life 
m a manner analogous to the adienal 01 parathyroid glands The elaboiation 
of pancreatic secietm hy the duodenal mucosa had been Mell established, 
and It was thought that eithei this hoimone vas necessaiy or that some 
other similai substance indispensable to life and the function of the intestines 
was pioduced in the duodenum 

After many unsuccessful attempts, we' weie finally able to get a dog 
to survive the removal of the p}loiic poition of the stomach, the entire 
duodenum, and the upper poition of the jejunum (Fig i) "While the nutri- 
tive state of the animal v^as not good, the survival demonstiated for the 
first time that removal of the duodenum Mas peimissible It is a source 
of great satisfaction to me to learn fiom Doctor Whipple that this demon- 
stration, among others, prompted him to undeitake the operation for the 
ladical lemoval of caicinoma in the ampulla of Vatei m man Subsequent 
experimental studies by Mooihead and Landes,® and Mann and Kav’^a- 
muia,® have confirmed and extended the eaily findings, and it is noM”- M^ell 
established that various expeiimental animals can survive in good health, 
and for long periods aftei complete lemoval of the duodenum provided the 

* The experimental studies upon which much of this paper is based were conducted 
with the help of associates, including F M Owens, Tr, J G Allen D E Claik, O C 
Julian, and C Vermeulen, and were aided by grants from the Josiah Macy, Jr, Foun- 
dation, the Committee on Research in Endocrinology of the National Research Council 
and the Douglas Smith Foundation for Medical Research of The University of Chicago 
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free flou of bile and pancreatic juice into the uppei intestine is not pi evented 
The absence of the chief souice of pancreatic secietia does not preclude, 
appaiently, adequate pancreatic secretion The susceptibility of these ani- 
mals to the development of duodenal ulcers® indicates that the buffering 
action of the duodenal juice is, under noimal conditions, of consideiable 
importance in i educing the coiiosive action of the gastiic juice 

That man can also sunnve the complete lemoval of the duodenum is 
clear from the lepoits of Whipple,^® Biunschwig,^^ and otheis The data 



Fig j — The first mammal to sur\ne complete duodciicctomr Operation December 15 
1917, at Iowa Cite, Iowa Am Jour Phjsiol, 46 , 584, 1918 


at present available houevei, do not exclude the possibility that distuibantes 
in hematopoesis, oi other metabolic functions, ma} appeal as late sequelae m 
man The demonstration of the lole of the stomach m the pathogenesis of 
peimcious anemia uai rants the long continued study of these patients 

n IS COMPLETE REMOVAL OF THE PANCKE S.S COMPATIBLE AMTII LIFE® 
The pioduclion of a lapidly fatal diabetes b} panci ealectoim in the dog 
and cat, and its contiol by the adequate administration of insulin, is so mcII 
hiiown that this question is bettei phrased as folloMS Is the complete le- 
inoval of the panci eas compatible with life uhen the ensuing diabetes is 
satisfactoi ily conti oiled vith insulin^ 

At the meeting of this association in 1939, piesented a suminau of 
expeiimental voik, conducted 111 our laboiatory foi seieial jeais, uhich 
ve mteipieted as follows Confiiming the pieiious findings of Fisher^”’ and 
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of Allan, Bowie, Macleod, and Robinson,^’* we i eported that the depancreatized 
dog does not survive for long even if the diabetes is controlled by the adequate 
administration of insulin At death, a majority of the animals, but not all, 
display a remarkable accumulation of fat m the liver The oral administration 
of from 100 to 200 Gm of raw pancreas daily suffices to prevent this fatty 
change m the livei and, if given along with insulin, to permit the depancreatized 
dog to survive foi long periods, 01 perhaps indefinite!)'’, 111 a good nutritive 
state An expeiimental anal) sis led us to conclude that the beneficial effect 
of pancreas in this connection could not be accounted for by the presence 
of the panel eatic enzymes, lecithin, choline, or to the general lipotrophic action 
of certain proteins It was rathei due to a specific substance, not present 
111 other organs, such as liver and brain, and the active principle was secured 
in fat-free, neutral, or alkaline alcohol extracts of beef or pork pancreas This 
specific substance was believed to be an internal secretion of the pancreas 
distinct from insulin and was called “lipocaic” since it seemed to be concerned 
in a general way with the utilization of fat in the body 

These interpretations were not immediately accepted bv all voikers in 
tins field, and a considerable eftoit has been made in my laborator)'^ during 
the past several years to resolve the vaiious points of conflict Much of 
the difference in opinion has been due, I believe, to the fact that attention 
has been veiy largely centered on only one aspect of the problem, namely, 
the extensive accumulation of fat in the liver, and it has been often assumed, 
but without adequate pi oof, that the fatty livers which may be produced 
in noimal rats by seveial diffeient dietary modifications lepresent the same 
defect which appears m the insulin-treated depancreatized dog We have 
repeatedly called attention to the possible error m such an assumption, and 
this has become more evident with the discovery that these different types 
of dietary fatty livers in rats do not all respond to the same kind of treatment 
Fatty infiltration in the livers of normal lats may be produced by diets rich 
in fat, but low in piotem,^® or by the addition of thiamin to diets free from 
choline but rich in carbohydrates Apparently, these fatty livers may be 
pi evented by either choline or lipocaic On the other hand, the type of 
fatty liver pioduced by the administration of liver extiact or by biotin is 
pi evented by lipocaic but not by choline Inositol is effective m preventing 
the biotin type of fatty livei in lats and this fact gave rise to the surmise that 
the active pimciple of lipocaic might be inositol In recent experiments in 
our laboratoiy,^® however, it was found that inositol was entirely ineffective 
m preventing or curing the fatty livers of depancreatized dogs even when 
used in doses as large as some of our active preparations of lipocaic Since 
these pancreatic extiacts could not conceivably be pure inositol it seems clear 
that the activity of lipocaic is not to be accounted for on the basis of the 
possible presence of inositol Proof that the activity of lipocaic is not due 
to choline was presented in previous reports and conclusive evidence is 
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now available in the preparation of active pancreas extracts fiee fiom 
choline 

These findings do not, in my estimation, lessen the significance of the 
work on choline It is quite possible, for instance, that hpocaic may bear a 
relation to choline comparable to that existing between the parathyroid 
hormone and calcium Both pai athormone and calcium salts relieve the acute 
manifestations of parathyroid deficiency but the activity of parathormone 
IS not due to its content of calcium The possibility that hpocaic may play a 
role m the metabolism of fat through the agency of choline seems woithy 
of consideration 

McHenry^'^ is reluctant to accept hpocaic as an inteinal secietion paitly 
because the signs and symptoms of hpocaic deficiency do not appear foi 
several weeks after pancreatectomy, whereas evidence of insulin deficiency 
becomes manifest within 24 hours This objection seems hardly valid 111 view 
of the fact that there is a similar long latent period between removal of the 
thyroid or the gonads and the appearance of deficiency symptoms The 
suggestion of Best, that hpocaic is not an internal secietion but lather a 
specific dietary factor 111 pancreas is perhaps a mattei of definition The 
lelief of myxedema or cretinism by the feeding of thyroid extiact could also 
be accounted for b}" the presence of a specific dietary factor in thyroid but the 
common view pictures this effect as due to an internal secietion 

I should like to emphasize again that we have been chiefly concerned 
with the deficiency wdiich appears in the insulin tieated depanci eatized dog 
and which, unless conti oiled, causes death m a relatively short period of time 
This deficiency is in part associated with fat metabolism as evidenced by the 
common appeal ance of fatty hvei, hypohpemia, the aggravating effect of high 
fat diets and the beneficial action of diets low^ in fat Nevertheless, it is 
quite possible that other and more fundamental deficiencies exist which have 
complicated and obscured the picture and may be in pait responsible for many 
divergent view's 

III. IS THE ATROPHY OF THE PANCREAS WHICH FOLLOWS UPON LIGATION OF 

THE PANCREATIC DUCTS COMPATIBLE WITH LIFE AND NORMAL NUTRITION? 

In the opeiations for the ladical lemoval of caicinoma of the head of 
the panel eas, the ampulla, or lower end of the common bile duct the pan- 
el eatic ducts aie usually ligated and lemain permanently obstiutlcd The 
panel eas lemnant. consisting of the tail and portions of the bod}, ma\ then 
be expected to undeigo the atrophy so well known in the experimental ani- 
mal In the early w'ork, w'hich demonstrated the relation of tlie pancreas 
to diabetes, it was found that successful occlusion of the panci eatic ducts in 
animals caused the acinar tissue to undeigo almost comjjlete degeneration and 
to become leplaced with fibrous tissue The i‘?let tis^^uc on the other hand 
pcisisted to a consideiable extent and the absence of diabcte^^ in these 
animals pioxided the first evidence that it was these structures rather than 
the acinar tissue that was concerned m carboh-s drate metabolism \\ ith i^he 
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demonstration that hpocaic as ell as insulin is required by the depancreatized 
dog for SLiivival, it became important to learn if the animal with atrophy 
of the panel cas following duct ligatior might also requiie hpocaic The 
solution to this pioblem has not only immediate clinical significance but is 
also impoitant m detei mining the souice of hpocaic and its mode ot 
production 

In one of the fiist papeis on hpocaic from our laboratory-*^ we reported 
that thiee dogs m wdnch the ducts were successfully occluded suriived for 
44 56, and 83 days, 1 espectively, and at death extensive degeneration of the 
panel eas w^as found A slight fatty mfiltiation was present in the Iner of 
two of these animals but the thud w'as noimal These changes were so 
minimal as compaied wuth the extensive fatty infiltration usually observed 
after panel eatectomy that the lesult w^as considered negative Since the acinar 
tissue of the pancreas had veiy laigel}' disappeaied, wheieas the islets per- 
sisted, It W'as suggested that these structures weie probably the source of 
hpocaic In a subsequent papei-* the alpha cells of the islets w'ere sus- 
pected of being the hpocaic organ on the basis of certain indirect evidence 
and the solubility chaiactenstics of the granules 

In the ensuing yeais a numbei of papeis dealing wuth this problem have 
appeared, some m agi cement wuth 0111 eaily findings others sharply divergent 
We have, oui selves, continued to w'ork in this field and the added experience 
has foiced us to modify our inteipietations somewdiat Before attempting 
to discuss the w'ork of other mvestigatois I should like to present a summary 
of oui more lecent findings A moie complete leport wull be published else- 
wdieie Successful occlusion of the pancreatic ducts has been accomplished 
in 19 additional dogs These animals weie fed meat, wdiole milk, biead, 
suet, cane sugar, and Biew'er’s yeast Estimations of the blood lipids and 
sugai w'ere made at fiequent inteivals, the mine was examined for sugar 
dail)', occasional glucose toleiance tests were made, and at death a careful 
autopsy W'as perf mined, with micioscopic examination of the liver and 
panel eas The fat in the hvei w'as detei mined by chemical anatysis The 
pancreas lemnants w'ere examined microscopically and sections, stained 
by Gomoii’s method after fixation in Bonin’s fluid, w'ere studied to determine 
the lelative abundance of alpha and beta cells and any remaining acinai tissue 

In all of the 19 animals the pancieas w'as extensively ati opined at autopsy, 
and no ducts communicating w'lth the duodenum weie found In ten, the 
livei fat was w'lthin the noimal lange (thiee to six pei cent) , in seven, the 
fat content langed from seven to 16 per cent, and 111 tw'o, the fat was 
in excess of 25 pei cent Fourteen survived foi thiee months, or longei, 
and five over six months Thus of a total of 22 dogs subjected to complete 
occlusion of the pancreatic ducts, 50 per cent displayed varying degrees of 
fatty infiltration of the liver, w'hile in an equal number the liA'ers remained 
noimal It is, thus, necessary for us to conclude that insofar as abnormal 
fat accumulation in the liver is a reliable criterion of hpocaic deficiency m 
this situation, a large proportion of dogs, 50 pei cent in oui series, develop 
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\arying degrees of hpocaic deficienc) as a result of the atroph}' of the 
pancreas which follows successful occlusion of the pancreatic ducts 

The suggestion has been made that this fatty mfiltiation is due to the 
failure of some hpothropic substance (hpocaic) in the pancreatic juice to 
reach the duodenum-- or to a digestive fault aiismg fiom the disturbance in 
protein digestion in the absence of the panel eatic enz) mes ^ ‘ If eithei of 
these explanations uere correct one should expect as high an incidence of 
fatty livers after duct ligation as occuis aftei panci eatectomy This is cleaily 
not the case In 154. insulin-tieated, depancreatized dogs, reported from our 
laboratory seveial yeais agod” 92 pei cent displayed fatty mfiltiation in the 
hver attiibutable to hpocaic deficiency Fuithermoie. the total deviation of 



Fig 2 — The photograph on the left illustrates the extensne degeneration of the 
pancreas three months alter occlusion of the pancreatic ducts A hbrous cord represents 
all that IS left The picture on the right sho\\s the normal pancreas and adjacent 
duodenum 


the pancreatic juice from the intestines by means of an external fistula does 
not produce fatty liveis In a leceiit paper-" we have reported a senes of 
17 animals with such fistulae, and in 15 of these the livers remained normal 
This experiment appears conclusive since the juice uas collected quantitatively 
and subsequent examination failed to re\ eal any abnormalities m the pancreas 
Is there another possible explanation’ The view that ligation of the 
pancreatic ducts produces its effect solely^ through the lemoval of the pan- 
creatic secretion has for a long time appeared to me to be not justified by 
the facts The pancreas undergoes a most extensne atrophy after this pro- 
cedure (Fig 2), partly due to the piessure of accumulated secretion and 
partly, no doubt, to interference nith the blood supply After some months 
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all that lemains is a thin fibioiis coicl It is tiul}’' remaikable that this greatty 
alteied oigan can still pcrfoim a useful function Micioscopically bo^vc^el 
islet cells, identifiable as both alpha and hcia types, may be discerned in a 
matrix of fibrous tissue and duct epitbebum Acmai cells may be entirely 
absent after long-standing obstruction, but usually a small number persist 
for seveial months Such a pancieas is no longei an organ of external secre- 
tion Is its function as an endocrine oigan ummpaiied^ The ancient demon- 
stiation that occlusion of the ducts docs not produce a diabetes comparable 
to that following removal of the pancieas is not particularly helpful in this 
connection A surprisingly small amount of the msulin-pi oducing tissue is 
adecpiate to prevent hyperglycemia and glycosuria Thus, in a recent experi- 
ment we peifoimed a partial pancreatectoni}' m a dog leaving a remnant of 
pancieas along the lesser duct Gh'cosuria and hyperglycemia failed to ap- 
pear, and glucose toleiance tests remained noimal The pancreas remnant 
w eighed 2 3 Gm , and measured i x 15x25 cm The amount of pancreas 
originally removed weighed 193 Gm so that m this case the removal of 
almost nine-tenths of the original pancreas failed to produce any evidence of 
diabetes The liteiature wuth respect to the influence of ligation of the pan- 
el eatic ducts on caibohydrate tolerance is conflicting, some observers report- 
ing an inciease m tolerance, otheis the leverse I shall not review this 
data heie 

Of the nineteen duct-hgated dogs in oui piesent study, to 0111 surprise a 
moderate but definite glycosuria developed m seven The fasting blood sugar 
w'^as usually normal 01 somewhat low'cr than normal values The ingestion 
of the standard diet produced a hypeiglycemia ranging betw'een 160 and iSs 
mg per 100 cc , and glucose appeared in the mine Glucose tolerance tests 
displayed the marked hyperglycemia and delayed return to normal charac- 
teristic of the diabetic state There seems no doubt that these animals have 
become mildly diabetic Insulin in doses of foui to six units daily sufficed to 
control the glycosuria When w^e reflect upon the relatively large proportion 
of the pancieas which must be removed to pioduce a comparable diabetes, it 
IS evident that the islets have been extensivel}’^ damaged 

In a careful study of the c)Tology of the pancieas of man and the dog by 
means of special diffeiential stains, Gomorr^ has found both alpha and delta 
cells outside the islets scatteied about in the acinai tissue Beta cells w^ere 
found only in the islets In some dogs, Gomori-^ has estimated that the 
number of extra-insular alpha cells may actually exceed those in the islets 
These observations may prove to be of great significance, for it Avould seem 
leasonable to suppose that the alpha cells in the acinar tissue w^ould be even 
more apt to be injured bj' duct ligation than those in the islets Assuming, 
for the moment, that the alpha cells are the souice of lipocaic, an explanation 
may be seen both for the appearance of fatty livers of varjnng degrees in duct- 
hgated dogs and the maiked variation in different animals in this respect 
With this concept, many of the apparently contradictoiy findings of diffeient 
obseivers may be harmonized Thus, Boyce and McFetiidge-^* reported that 
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ligation of the pancieatic ducts, with pancieas atiophy, does not cause fatty 
livers but when the ligation is combined uith partial pancreatectomy a marked 
fatty infiltration occurs In neither case does pancieatic juice reach the duo- 
denum so the variation m result can not be accounted for on that score It 
can be explained on the basis of insufificiency of islet function since we should 
expect this to be greatei when paitial panci eatectomy is added to the damage 
due to duct ligation Person and GleniP" also observed moderate fatty infil- 
tiation of the liver in dogs subjected to duct hgation and paitial panci eatec- 
toiny The vaiying lesults obtained by other investigators may piobably be 
accounted for depending upon the amount of injury to the islets from the 
accompanying fibrosis of the pancreas or to the method of duct ligation 
employed, some workers routinely removing the duodenal portion of the 
pancreas to prevent regeneration of the ducts 

Additional evidence suggesting that the alpha cells are the source of lipo- 
caic has come from a different tj^pe of experiment The repeated injection of 
extracts of the anterior hypophysis into dogs was found by Yomig^® to pro- 
duce a permanent diabetes characterized b)'’ degenei ative changes in the islets 
In a further study of this phenomenon, Ham and Haist-^ leport that the injec- 
tion of such hypophyseal extracts pioduced a depletion of the granules and 
finally hydropic degenei ation of the beta cells The alpha cells weie unaf- 
fected These dogs had severe permanent diabetes characterized by hypei- 
glycemia, glycosuria, and a very high insulin lequiiement They did not 
have fatty livers These observations are of couise in harmony with the view 
that the beta cells are the source of insulin Two animals, however, were 
found m which the alpha cells were injured ‘Tn one of these there was a com- 
plete lack of alpha granules and in the other a moderate degree of alpha cell 
degranulation The islets m these animals u ere sui rounded by acinar tissue 
in which the fixation and staining were excellent, hence the lack of alpha 
cell granules could not be attributed to faulty fixation or staining These 
two animals, in which alpha cells evidenced degranulation, were the only ones 
in which there was an extensive deposition of fat m the liver ” The authors 
did not interpret their experiments as indicating that the alpha cells are the 
souice of lipocaic, but m a personal communication Dr Ham informed me 
that this idea occurred to him In view of the normal appearing acinar tissue 
it seems safe to conclude that the pancreatic secretion was unchanged and 
passed as usual into the duodenum The available data thus point stiongly 
to the conclusion that lipocaic is manufactured by the alpha cells of the islets 
and passes directly into the blood or lymph lathei than into the pancreatic 
secretion 

Adequate data are not yet available to decide whether or no man uill 
lequire lipocaic after operations which permanently obstruct the pancreatic 
ducts That such proceduies cause an atrophy of the pancieas resembling 
that which occurs m the dog is illustrated m Figure 3 In this case pancrea- 
toduodenectomy had been performed foi caicmoma of the common bile duct 
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and head of the pancreas Death occurred four months later, and at autopsy 
the panel eatic ducts weie obstiucted and dilated The islets appear to be 
well presented and theie was no excess fat in the hvei In one of Whipple’s 
patients coming to neciopsy nine months aftei occlusion of the i^ancreatic 
ducts, 110 fatt}'- infiltration in the liver was found j\'Iany of the patients 
ivho have suivived panel eatoduodcnectoni}^ have been given pancreatin, but 
since this may contain hpocaic the absence of hvei fat m such cases has 
little significance m this pioblem Brunschw ig*^ occluded the panel eatic 



Fig 3 — Microscopic «iection '>ho^\Ing■ marked atropin of the acinar ti«Jsuc m human 
pancreas tour months after resection of the head of the pancreas and permanent occlusion 
of the pancreatic ducts Tlic acin \r tissue is largeh but not complcteh , replaced b> 
fibrous tissue The islets are fairh \\ell prcser\ed 

ducts in seveial monkeys and did not obseive fatty hveis in any case It 
may be that in man and the monkey the islets are not so greatly injuied by 
duct ligation as in the dog but until much more data become available it 
appears ivise not to rely on such a conclusion The gi eater likelihood is that 
a consideiable piOpoition of these patients ivill develop both insulin and 
hpocaic deficiency in the couise of time and that these sequelae ivill be more 
frequent and severe wdien, in addition, laige poitions of the panel eas are 
1 emoved 

IV WHAT EFFECTS JIAY BE EXPECTED TO JRESULT FROM THE COMPLETE 
REMOVAL OF PANCREATIC JUICE FROM THE INTESTINES ^ 

Exclusion of panel eatic juice may be secured by total panel eat ectomjq 
by peimaiient occlusion of the panel eatic ducts, or by the deviation of the 
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juice to the exteiior by means of an appiopnate fistula Both the local and 
the systemic effects lesulting fiom these pioceduies in expeiimental animals 
diftei uideh and these should be kept m mind in a considei ation of the 
clinical pioblem 

The experiments of MannC^ and ElmanC- have established the fact that 
diversion of the panel eatic juice fiom the duodenum into the lower intestine, 
or the exterioi, leads to the production of duodenal ulcers These have been 
ascribed to the corrosive action of the gastric juice when its acidity has not 
been reduced bv the sodium bicaibonate of the pancreatic secretion In my 
ovn experience, it has been difficult to pie\ent the development of ulceis 
in dogs vith total pancreatic fistulae even with the daily administration of 
large amounts of alkali and I believe that ulcers would occur in almost loo 
per cent if treatment were not carried out What then is the explanation 
for the almost complete immunity of depancreatized dogs^ In a series of 
over 400 such animals studied in our laboratory duodenal or gastric ulceis 
have been found less than a dozen times In both cases the neutializing 
eftect of pancreatic juice is equally deficient 3fet in the one duodenal ulcer 
appears and m the other is absent The animals wuth ligated pancreatic 
ducts occupy middle ground Thirty-three per cent m our senes have 
developed single or multiple gastric or duodenal ulcers, and several of these 
have perforated Pancieatoduodenectomy in man is usuall}' performed for 
the treatment of carcinoma It is possible that a partial or complete anacidity 
may exist in niam^ of these patients and for this reason ulcers may be less 
apt to develop than m the experimental animal Even so, it should be 
remembered that an alteration m the physiology of the upper intestine con- 
ducive to the formation of ulcer has been produced and that this can be 
combated effectively'^ by' dietary' and alkali therapy' 

Although the importance of the pancreatic juice m the digestion of all 
three classes of foodstuffs has been recognized for many years, there is still 
uncertainty' concerning the extent of the defect w'hich may' be expected to 
appear follow'ing the permanent removal of this secretion from the intestines 
Most of the studies on this problem have been made upon the dog and the 
results here have been fairly consistent Without exception the exclusion 
'^of pancreatic juice m this species causes the appearance of large amounts of 
undigested fat and protein in the feces (Pratt, Lamson and Marks, Ralh, 
Rubin, and Present^** The severity of the disturbance, how'ever, varied 
markedly in different animals and also m the ‘^ame animal from time to time 
In a recent study in our laboratory, Vernieulen and Ow'ens^^ found that 
w'hereas the normal dog absorbed 99 per cent of neutral fat in the diet, after 
pancreatectomy this w'as reduced on an average to 47 per cent Certain 
animals absorbed only 14 to 33 per cent of the fat, w'hereas others absorbed 
as much as 76 per cent These findings confirmed the previous observations 
of Pratt The imperfect absorption cannot be accounted for entirely through 
failure of digestion of the fat since a similar, though less se\ere, defect was 
found in the absoiption of fatty acids The noimal dog was found to .ibsorb 

585 



LESTER R DRAGSTEDT 


Annals of Surgerj 
October 1943 


94 pel cent of oleic acid in the diet but after panci eatectomy only 63 per cent 
The studies of Whipple, Bauman, and Hamlin,'^' and Biunschwig and Allen,'’® 
indicate that a snnilai disturbance in digestion and absorption, though per- 
haps less severe, is produced in man Bleie again, marked variations were 
found in different patients, some disi^laying a vei}'- consideiable defect while 
others were practically noimal In this connection, the remarkable ability 
of the pancreatic juice to find its way hack into the intestines after division 
of the ducts should he kept m mind This is paiticularly apt to occur when 
seveial anastomoses have been made While moie data on man aie clearly 
needed, it seems probable that most patients vill suffer a varying degiee of 
impaiiment m the digestion and absoiption of fat and protein after the oper- 
ation This IS usually not so severe as to be a sei lous handicap and does not, 
of course, foibid the opeiation, especiall}' since in many patients the ducts 
have already been obstructed by the disease The value of substitution 
theiapy is difficult to deteimine and, here again, the data on man are fortu- 
nately moie favorable than in the dog In the latter species the feeding of 
large amounts of fresh pancreas has been the onl)'^ metliod in our experience 
that has produced a unifoim and consistent impiovement Pancreas extracts 
containing lipocaic but no enzymes have been entirel}' without effect The 
defect m absorption is thus apparently not due to lipocaic deficiency 

SUaULARY 

The discussion of these problems has dealt almost exclusively vith data 
obtained from the expeiimental animal, whicli m most cases has been the 
dog Ceitain of the general conclusions derived fiom such woik may prob- 
ably be safely tiansfened to man, but species differences must be expected 
Pancreatectomy in the monkey foi instance produces a less seveie diabetic 
state than in the dog and the same may be true of man With this reserva- 
tion in mind, the following impressions den\ed fiom work on the lower 
animal may be suggested as a guide in the clinical problem 

(1) Removal of from So to 90 pei cent of the jsancreas causes no defect 
in carbohydiate or fat metabolism 01 m the digestion and absorption of food- 
stuffs, provided the panci eas remnant remains in connection with the duct 
and its secretion has fiee access to the uppei intestine 

(2) Removal of from 90 to 95 per cent of the panci eas, leaving the rem- 
nant attached to the duct, produces a diabetes, characterized by marked 
hyperglycemia and glycosuria, excessive insulin requii ement, and hyperli- 
pemia Digestion and absorption are unimpaired Lipocaic is usually 
required 

(3) Complete pancreatectomy produces, paradoxically, a less severe dia- 
betes, but which IS more difficult to contiol Hyperglycemia and glycosuiia 
are not so marked and less insulin is required Hypolipemia develops and 
lipocaic IS almost always needed Moderate to severe impairment in the 
digestion and absorption of fat and piotein maj'^ be expected The absorption 
of carbohydrate is little affected 
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(4) Peimanent occlusion of the panel eatic ducts pioduces a similai 
impairment in digestion and aljsoiption Atiophy of the pancieas lesults 
If paitial panel eatectoni) has also heen peifoimed the ati opined remnant of 
pancreas becomes deficient as an endocrine organ and vaiying degrees of 
lipocaic deficiency and diabetes appeal Hypolipemia becomes pronounced 

(5) Piesent infoiination does not indicate that any specific defect will 
result from remo^al of the duodenum, but patients who survive for long 
periods after this operation has heen perfoimed should be observed care- 
ful!} for the possible de\elopment of pernicious anemia 



Tie 4 — Diagrams representing a method for implanting the pancreatic duct into the jejunum 
which has been found successful in the dog A ureteral catheter is introduced into the duct and 
hgated uith fine silk The other end of the catheter is threaded onto a spear pointed obturator or n 
large skin needle This is passed through the jejunum and traction on the catheter pulls the pan 
creatic duct into the jejunum Omentum is wrapped around the catheter and jejunum and the 
catheter is led to the exterior by a stab wound Pancreatic juice drains awa> as a fistula for fi\e or 
SIX dajs The catheter is then pulled out and the juice flows into the jejunum The omentum pie 
vents the formation of a jejunal fistula 

The much better nutritive state displayed by animals m which a remnant 
of pancreas, however small, is left in connection with its duct, as compared 
with those in which the ducts are occluded or the entire pancreas removed, 
suggests that this should be attempted whenever possible In the tieatment 
of carcinoma of the ampulla or head of the pancreas this will, of course 
necessitate an implantation of the duct from the pancreas remnant into the 
stomach or intestines Methods for accomplishing this ha\ e been devised, of 
W'hich the recent one reported by Person and Glenn-' seems especially prom- 
ising In those cases in w'hich the duct to the lemnant is dilated oi leadih 
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found, the method of implantation illustrated m Piguie 4 might be tried I 
have found this method satisfactoiy in the dog and it can be lapidly per- 
foimed This is a point of some consequence in a long and ti3mg operation 
Substitution theiapy is at piesent only jwitially effcctne Pancreatin has 
appaiently jjiodticed a definite impiovement in digestion and absorption in 
some patients lacking pancreatic jiuce but in the dog fresh raw pancreas has 
always yielded the best results It is probable that most preparations of pan- 
creatin contain some hpocaic as well as the pancreatic enz3mies, and 111 large 
doses might piove adequate Preparations of hpocaic will presumably be 
made available b3' the manufacturei s wdien sufficient published reports of its 
usefulness m man have appealed to satisf3’^ the requirements of federal 
1 egulations 
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Discussion — ^Dr Allex O Whipple (New York) Doctor Dragstedt alwajs 
presents work of physiologic significance and his inquiring mind has contributed A\orks 
of fundamental importance to surgery I have followed his studies on the phvsiologv 
and pathology of the pancreas with constant inteiest There are certain points in his 
paper which I would like to discuss because of then bearings on some recent changes in 
our operative technic in radical pancreaticoduodenectomy 

In 22 experimental animals with duct ligation and atrophy of the acinar tissue, 
half of them showed no abnoimal fat content of the Iner and in onl^ two was this 
fat content in excess of 25 per cent This agrees with our clinical studies m humans 
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following pancreatic exclusion In three patients, at intervals of two to 20 months 
after operation, we found that the patients digested 85 per cent of a measured fat 
intake In one patient, however, without the addition of pancreatic extract in the form 
of halodeii, she is able to digest onl}'' 40 per cent of a measured fat intake One of the 
patients, with an 85 per cent fat digestion, died nine months after operation of a severe 
cholangitis due to stenosis of the first stage cholecystogastrostomy The autopsy showed 
atrophy of the acinar tissue, persistence of islet cells, and no fatty infiltration of the 
Iner He had not been given any pancreas therapy 

Last week I operated upon a patient for stenosis of a posterior gastro-enterostomy 
which had been performed three years and eight months previously in a two-stage 
radical pancreaticoduodenectomy This man has been actively engaged as a barber in 
one of the Army camps After 1 eanastomosing the stomach and jejunum I carefully 
examined his liver There was no evidence of carcinoma His liver looked normal A 
biopsy of his liver tissue analyzed for fat showed onlj i 9 per cent of fat Normal 
rat livers yield about thiee per cent His pancreas showed a fibrosis, with cystic 
degeneration 

The fact that in both the experimental animal and in patients having pancreas ex- 
clusion a certain number will develop impaired carbohydrate metabolism, as shown by 
varjung degrees of a mild diabetes, points to some damage to the internal secretion 
mechanism both m carbohydrates and in fat metabolism This is further indicated by 
the cj'tologic studies of Gomori, who found alpha and beta cells outside of the islets 
If the alpha cells are the source of lipocaic, fibiosis of the excluded pancreas would 
cause more or less damage to or dysfunction in these alpha cells, and would account 
for the varjmg disturbance in fat metabolism as showui 111 the varying amount of fat 
in the liver following pancreas exclusion The studies of Ham and Haist m diabetes 
produced with anterior pituitary extract, as first carried out by Young, would certainly 
indicate that the alpha cells aie closely related to hpocaic production 

Because of the variable findings in both experimental animals and m man with the 
pancreatic juice excluded from the gastro-intestinal tract, it seemed to me that the 
technic of radical pancreaticoduodenectomy should be changed so as to reestablish the 
flow of pancreatic juice into the jejunum, in order to improve the existing impaired 
fat digestion of these patients m w'hom the flow' of pancreatic juice had been blocked 
for varying interrals, and also to avoid the very annoying complication of a pancreatic 
fistula winch so frequently follow's the exclusion operation The jejunum is con- 
sidered preferable to the stomach because of the neutralizing effect of gastric juice 
on pancreatic ferments 

In the last seven of these radical operations I have reestablished the flow of pancreatic 
juice In tw'O, this has been accomplished by implantation of the pancreatic stump 
into the stomach, in tw'o, bj' implanting the pancreatic fistula into the jejunum at a 
later operation, and m three I have implanted the pancieatic stump into the jejunal 
loop w'hich w'as used for the anastomosis of the common duct and the cut end of the 
stomach These tw'o lantern slides illustrate the method of jejunal implantation carried 
out m the three cases in the one-stage operation We defimtel}' prefer the one-stage pro- 
cedure and w'lth the technic as described This may not be the final answ'cr, but it is 
a definite improvement in the evolution of the radical operation for carcinoma of the 
pancreas and ampullarj' region 

Dr Eugcne Rockey (Portland, Oie) Last June I had the opportunity to operate 
upon a man w'ho had a carcinoma of the bod-v of the pancreas I felt that it also involved 
the head of the pancreas, causing obstruction of the common duct I, therefore, removed 
the lower half of the stomach, the entue pancreas, and the duodenum The fundus 
of the gallbladder was anastomosed to the jejunum 

Postoperativ'elj , we made the error of adniimsternig too much insulin in the first 
24 hours, W'lth the result that tlie man developed an extreme hipoglycemia and had 
violent convulsions After that his diabetes was verv easilv controlled 

He lived 12 davs, doing w'ell, eating well, and then on the thirteenth da> developed 
a peritonitis and died on the fifteenth dav 
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Death was caused bj a chemical peritonitis due to a leak at the stump of the common 
bile duct It would have been safer to ha\e implanted the common bile duct into the 
jejunum rather than to have ligated it 

At autopsy, there was found slightly less than one Gm of pancreatic tissue Ijing 
between the stump ot the common bile duct and the hepatic arterj This patient vas 
not given lipocaic postoperativeh AIicioscopic study of the Iner removed at ajtopsj 
showed very little change There were appaienth some fine droplets in the cells, but 
they did not take a fat stain, so that there was no appreciable li\er change in 15 da%s 
without pancreatic secretion 

Dr Alexander Brunschwig (Chicago, 111 ) I think Doctor Dragstedt’s point 
IS well taken, that technical advances in pancreatic surger\ ha\e outstripped ad\ances 
in knowledge of the phjsiologj of this organ We can now remo\e any portion of 
the pancreas with considerable degree of safetj Total pancreatectomies in man are 
possible with immediate survival from the effects of operation 

In cases where we remove large portions of the pancreas, with occlusion of the ducts, 
we are still unable to feel sure that indefinite sur\ival without phjsiologic disturbance 
IS possible in the face of occluded external pancreatic secretion Some patients ha\e 
surMved mam months without secretion of pancreatic juice into the bowel Others 
present bulkj’^ fattj' stools after pancreatodjodenectonn 

This variability in reaction to the occlusion of pancreatic secretion, that Doctor 
Dragstedt and Doctor Whipple ha\e commented upon, I think indicates there are 
some verj' important factors that are at present unknown in connection \vith fat 
absorption and digestion in the bowel 

I present a section from the bod% of a pancreas in a patient from ^\hom the head 
and neck of this organ have been remo\ed, and who died fi\e months later of carcino- 
matosis Prior to operation there was steatoirhea, and after operation the stool re- 
mained bulk} and light m color It does show the persistence of acinar tissue and 
some proliferation of the ducts In the animal degeneration of acinar tissue sometimes 
takes place much more rapidlv after duct occlusion than in man 

Another section presented is from a pancreas of another patient operated upon 
about the same time as the first, by the one-stage resection The stools, likewise, were 
fattv before and after operation The acinar tissue is still present and easilv recogniz- 
able although fibrosis is more extensive than in the previous sections This patient 
survived operation for five months, d\ing of carcinomatosis In both of these patients 
the livers did not show^ excess fattj' infiltration 

There is one point that might be emphasized, and that is the importance of the 
bile In dealing with the pancreas, w'e tend to consider onl}’^ pancreatic juice I have 
observed another patient who presented steatorrhea (6 to 8 light frothy stools a da^) 
for a period of six wrecks before operation At operation, the head of the pancreas 
w^as removed togethei w’lth the duodenum, the lower end of the stomach, and upper 
tw'O inches of the jejunum, and choledocho-enterostomy w'as performed The first 
stool after operation was more nearly normal than anj'^ he had had for several wrecks 
The stool passed about ten days after operation, and all stools subsequent!}' (patient 
alive and w'el) one year) were practically normal In this case, wdiich is an interesting 
experiment, the one factor returned to the gastro-intestinal tyact w'as bile Pancreatic 
juice did not seem to be the factor affecting the character of the stool — since it was 
absent before (occluded by tumor) and after operation It w'as the return of bile 
that seemed to be the important factor in return of normal stools 

In regard to survival wnth little pancreatic tissue I simply want to cite an instance 
of a patient w’ho had a cystadenoma of the pancreas, wdiich grew' over the years until 
it apparently involved almost all the pancreas Resection of the tumor left about one 
cubic centimeter of pancreatic tissue The patient did not have diabetes because of 
the increased physiologic activity of the minute portion of pancreas left iii situ The 
patient remains well, tw'O }ears after operation, wnth no physiologic disturbances and no 
evidence of hepatomegaly 

Dr Richard B Catteil (Boston) Tw’O serious groups of s\mptoms ma\ be 
associated w'lth complete interruption of the pancreatic duct In the first group 
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the symptoms, due to metabolic changes, result from the loss of panel catic juices 
In the second group, which is no less serious, the symptoms result from the local action 
of the pancreatic juices on the tissues with which they come in contact In August, 
1939, I performed my first radical resection of the pancreatic head, with a good immediate 
postoperative recovery except for an external pancreatic fistula, yet the patient died 17 
days after operation from secondary hemorrhage from the fistulous tract The com- 
plication of complete external pancreatic fistula is so serious that some such method as 
Doctor Whipple mentioned today is \vell worth while 

During the last nine months I have resected the head of the pancreas m seven 
patients, performing a radical pancreatoduodenectomy I have attempted to transplant 
the pancreatic duct or ducts into the jejunum a relatively simple technical procedure 
that not only implants the cut end ot the pancreatic body but also accomplishes actual 
anastomosis of the mam pancreatic duct A description of this method appears m 
Surgical Clinics of North America, June, 1943 (Lahey Clinic Number) 

When the pancreas is cut across, it is grasped by Allis forceps to control bleeding 
and to permit visualizaton of the cut surface One can see the dilated or normal duct 
This IS ligated and before release, it is tiansfixed behind the ligature by a heavy silk 
suture Mattress sutures then are used to close the pancreas and to stop bleeding The 
loop of jejunum which is brought up for the biliary tract anastomosis is used for the 
“pancreatic anastomosis ” The serosa and muscularis are incised for a distance equal 
to the w'ldth of the pancreas, leaving the mucosa intact The posterior w'all of the 
pancreas is sutured to the posterior border of the jejunal incision, following which the 
transfixion suture of the pancreatic duct is passed through the jejunal mucosa and tied 
down tightly as a necrosing sutuie The anterior border of the pancreas then is 
approximated to the jejunum The necrosing suture will cut through within 48 
to 72 hours 

This method employs the principle of Coffey’s third technic of ureteral transplan- 
tation, later modified by Lower and Higgins 

By this means we have been able to avoid a pancreatic fistula in some of our patients 
In the last nine months I have performed radical pancreatoduodenectomy 111 a single 
stage in two patients, and in two stages in five patients, without operative mortality 
One patient subsequently died, nine weeks after resection 

Dr Lester R Dragstedt (closing) I regret that there is not time to discuss all 
of the many interesting physiologic problems that are raised m surgery of the pancreas, 
particularly with respect to the influence of pancreatic juice on the digestion and absorp- 
tion of food stuffs both 111 man and the lower animals In experimental work I have 
been very much impressed with the decidedly better nutritive state of the animal when 
even a small segment of pancreas is left attached to the duct, as compared with similar 
animals with extensive resection and in which the ducts are completely obstructed 
The preservation of what little pancreas juice is secreted seems to be of great v'alue 
Furthermore, the atrophy due to ligation of the ducts is avoided When, then, extensive 
resection of the pancreas in man must be undertaken, it would seem wise to implant the 
stump of pancreas or its duct into the gastro-mtestmal tract We have acc omplished 
this successfully in the dog by a simple procedure that might be effective 111 man 
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The PANCREAS IS protected well b}' its cleeo situation wMthin the abdominal 
cavit}^ Occasionally, how'evei, it may be injured and, m a patient present- 
mg signs of trauma to the upper portion of the abdomen, the possibility of 
such injury should he suspected In some cases there may be no early evi- 
dence of damage to the panel eas, m otheis, signs fiom tiauma to other 
abdominal visceia aie likely to oversbadow'^ those ansmg from the pancreas 
No paiticular gioup of symptoms oi abdominal findings can be considered as 
diagnostic of injury to this oigan Recentl}^ however, determination of the 
blood seium amylase has made it possible to lecognize many such lesions 
(some of them only slight oi model ate m extent) soon aftei they have 
occui red This detei mmation is made by the w ell standai dized sacchai ogenic 
method of Somogyi, and his definition of the unit of blood serum am3dase is 
used During the last five yeais 1800 amylase detei minations, including 
those 111 eight cases of tiauma to the panel eas, have been made in the Univer- 
sity of California Clinical Biochemistiy Laboratoiy at the San Francisco 
Hospital These cases illustiate trauma to the panel eas lesulting from pene- 
trating and nonpenetiatmg in j lines to the abdomen and cases in which there 
was surgical tiauma to the panel eas In each instance of injuiy to the pan- 
creas m wdnch the detei mmation w^as made, an elevation of the serum amy- 
lase above the maximum normal level (180 Somogyi units) was found at 
some time aftei the injury This mciease in the blood serum amjdase follow^- 
ing trauma to the pancreas piobably lesults fiom leakage of the enzyme from 
the injured acini and ducts into the mteistitial spaces 01 into the peritoneal 
cavity, 01 both , thence, it is absoi bed into the blood 

The case repoits that follow'^ illustiate seveial of the w^ays in wdnch the 
panel eas may be injured and the consequent changes 111 the level of the 
serum amylase 

In Cases i and 2 the panel eas was injured by penetrating wounds of the 
abdomen 

CASE REPORTS 

.Case I — A male, age 37, received a stab wound m the epigastrium, the small 
opening just inferior to the xyphoid process penetrating into the abdomen There 


* Read before the American Surgical Association, May 13-14 1943, Cincinnati, Ohio 
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was no abdominal tenderness or spasm Five hours after injury, and before operation, 
the blood serum amylase was 241 units (Fig i) Celiotomy showed a laceration of 
the transverse mesocolon and a laceration, about i 5 cm in length, into the parenchyma 
of the pancreas, with a large hematoma and some necrosis of fat near the head of that 
organ The lacerations were repaired and the hematoma was evacuated A soft-rubber 
(gjtta percha) dram was placed adjacent to the wounded pancreas and brought out 
through a small stab ivound 111 the right flank 



Fig I — Case i Slight rise 111 serum amylase associated with a stab wound 

of the pancreas 



Fic 2 — Case 2 Gunshot wound of the pancreas The serum amrlase uas 

elevated 


Case 2 — One hour before his entry to the hospital a bov, age 12, was shot m the 
epigastrium with a 32-caliber pistol at a range of about 50 feet He complained of 
severe abdominal pain and vomited three times The wound of entrance was immediatel} 
beneath the costal margin about one inch to the left of the midline The abdomen was 
explored through an upper left rectus incision -V considerable amount of hemorrhagic 
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fluid was found m the abdominal cavitv, and tlie bullet rested between the coils of 
the small intestine Perforations in the anterior and posterior walls of the stomach 
were closed with sutures The lesser peritoneal cavity was soiled with gastric 
contents, and considerable necrosis of fat had occurred m this region A deep wound 
was found m the head of the pancreas (Fig 2) The head of the pancreas and the 
lesser sac were drained by cigarette drains brought out through the left rectus incision 
Blood and urine amylase determinations weie not made until the ninth postoperative 
da\ A method somewhat different from that used at present was employed, but the 
lesults showed marked elevations m the amylahC 
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Fig 3 — Cnse 3 Contusion of the pincreas following 1 nonpenetrating mjur\ to the 
abdomen produced these ele\ ations in the serum am\ lase The readings were increased 
for the first two days after the injury and then subsided On the fifth day the serum 
amy lase again increased abo\ e normal and remained ele\ ated for about two weeks 
This probably indicated a recurrence and continuation of leakage of enzymes from the 
injured pancreas 


Cases 3 to 7 inclusne illustiate injuries of the pancreas resulting from 
nonpenetrating tiauma to the abdomen 

'Case 3 — A male, age 35, who had been struck by^ an automobile, was brought to 
the hospital with signs of hemorrhage, shock, a compound fracture of the leg and evidence 
of serious intra-abdominal injuries The blood serum amjdase was 363 After treat- 
ment foi shock the abdomen was explored through an upper left rectus incision A 
large amount of blood was encounteied The spleen was lacerated extensively and the 
tail of the pancreas was contused and sin rounded by hematoma Splenectomy^ was 
pel formed and the compound fracture was debrided, reduced and immobilized The 
abdomen was closed without drainage Figure 3 shows the serum amylase studies in 
this case 

Case 4 — A male, age nine, was stiuck by an automobile about tw'o hours before 
entering the hospital There were signs of serious intra-abdominal injury w'lth maximum 
findings in the upper left abdominal quadrant Before operation the blood serum amylase 
w’as 2117 units A lacerated spleen was removed through a left rectus incision The 
abdomen contained 300 cc of bloody fluid The tail of the pancreas was enlarged and 
edematous and the surrounding area was infiltrated wnth blood Twm Penrose drams 
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were placed and bi ought out through a stab w'ound in the left flank Figuie 4 shows 
the scrum amylase leadings ' 

Case 5— A male, age 32, was injuied by a scvcie blow' in the uppci poition of the 
abdomen Signs indicating seiious mtra-abdominal injuiy developed w'hilc he w'as being 
observed duimg the subsequent eight houis The abdomen w'as explored through an upper 
left rectus incision Figure 5 illustrates the findings A laceration, five centimeters m 



Fig 4 — Case 4 A sharp rise and fall m the serum amylase level was 
associated with a contusion of the pancreas by nonpenetrating injury to the 
abdomen 

length, was found in the third portion of the duodenum and was closed wnth silk sutures 
The peritoneal cavity contained bile-stained fluid and the transverse mesocolon was con- 
tused and W'as infiltrated w'lth the same fluid No determinations were made before 
operation, but the serum amylase w'as 282 5 units on the fourth postoperative daj 

'Case 6 — A male age 42, was injured when the bus m which he W'as riding 
capsized He complained of abdominal pain and signs of shock were present There 

*This case w'as reported in a previous article on the significance of serum amvlase 
test in the diagnosis of acute pancreatitis 
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was widespread contusion of the right uppei portion of the abdominal \sall The abdomen 
became progressively more tender and spastic Extensne pneumoperitoneum and sub- 
cutaneous emphysema weie present The abdomen i\as explored through a right upper 
rectus incision The peritoneal cavity contained blood-stained bile The first portion 
of the duodenum and the pyloric end of the stomach were irrcparablj laceiated and 
contused The upper margin of the head of the pancreas e\as contused Resection oi 
the lacerated duodenum and stomach was carried out, the duodenal stump was inverted 
and antecohe gastrojejunostomy was performed Ihe serum amvlase readings are 
shown in Figure 6 


Protable aite of 



Fig s — C sse s An increase m the serum am>lase ivas as 
soented with laceration of the duodenum and contusion of the 
pancreas m this case of nonpenctrating injiirj of the abdomen 


Case 7 — A female, age 24, fell to the street from a height of about 60 feet 
She was in a state of shock The anterior thoiacic wall was deeply contused and a 
fracture of the forearm and signs of serious intra-abdommal injurj were present She 
was treated for shock Celiotomj’’ showed contusion of the left kidnej, multiple lacera- 
tions and contusions of the spleen and severe contusion of the terminal two inches of 
the tail of the pancreas (Fig 7) Splenectomy w'as performed The serum amilase 
before operation was 215 units A few' hours after operation it w'as 633 units and 
the following day the reading w'as 523 units 

The serum amylase was found to be elevated m tw'o instances in w'liich 
opeiation was pei formed upon the pancreas (Cases 8 and 9) 

Case 8 — A male, age 47, complained of epigastric pain and jaundice of two months’ 
duration Complete obstruction of the biliary tract was present At celiotomy, a small 
carcinoma of the head of the pancreas w'as found The head of the pancreas w'lth part 
of the body was resected, the pancreatic duct was ligated and the stump of the remaining 
pancreas W'as approximated with sutures The area w'as drained The serum amylase 
was 310 units following operation (Fig 8) 

Case 9 — A male, age 53, complained of vomiting and icterus, w'lthout pain, ot 
seven weeks’ duration The biliary tract was obstructed completely A small carcinoma 
of the head of the pancreas was found at operation, resection of the head and part of 
the body of the pancreas was performed The stump of the enlarged pancreatic duct 
was ligated and the divided end of the pancreas w'as approximated w'lth sutures On 
the day following operation the serum amvlase rose to 382 units (Fig 9) but prompth 
fell again A pancreatic fistula developed on the ninth postoperative day and, at this 
time, a reading of 7=5 '5 units was obtained (Fig 9) 
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Fig 6 — Case 6 A sharp rise and fall of serum am>Iase \\as followed bj a depres 
Sion of the am>lase below the normal Ie\el in a case of contusion of the pancreas caused 
bj a nonpenetrating injurj of the abdomen The duodenum and the stomach were also 
injured 



Fig 7 — Case 7 An increase in serum amilase was asso 
ciated with contusion of the tail of the pancreas The spleen 
was also lacerated In this nonpcnetratiiifr injun to the abdomen 
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I>o 8-Cise 8 Temporary elevation of the serum amjiase followed reseet.on of the head of the 

pancreas for carcinoma 
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Fig 9 —Case 9 A transient rise of serum arajlase followed resection of the head of the pancreas 
for carcinoma A pancreatic fistula de\ eloped on the ninth day after oper ition and this t\as asso 
ciated tMth a secondarj rise in the serum amjlase 
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Rarel}, injuiy to the pancieas may occiii dm mg opeiations for ulceiative 
diseases of the stomach oi duodenum when these oigans must be dissected 
fiom the pancieas Also, the pancieas ma} be tiaumatized dm mg other 
difficult opeiations on the duodenum oi lowei end of the common duct No 
case illustrative of this type of mjuiy is available, however, in which a 
sufficient number of seiial amylase deteimmations was done to be conclusive 

In a patient who has received an injuiy to the abdominal legion, an ele- 
vation in the serum amylase ma}’’ he consideied to be good evidence that the 
pancieas has been damj^ed In most cases theie is a rapid rise and fall of 
the seium amylase following pancreatic iiijuiy (Figs i, 4 and 6), piobably 
corresponding to the period dm mg nliicli enzymes leak from the injured 
pancreas Obviously, it is advantageous to be able to detect evidence of 
tiauma to the pancreas before undertaking an opeiation for serious injury 
to the abdomen In such cases an elevated seium amylase indicates to the 
surgeon that the region of the pancreas should be examined caiefully When 
objective evidence of mtra-abdommal injury is absent 01 uncertain, an 
increase in the serum amylase level occasionally may be the earliest sign of 
injury to the pancreas 

Laceiations of the pancreas, stab wounds and teaiing injuries for example, 
may be closed uith nonabsoibable sutures such as silk or cotton Contused 
lacerations such as those received with gunshot wounds and contusions from 
blunt or nonpenetrating injuries usually cannot be closed Soft rubber-tissue 
diains should be placed adjacent to the injured pancreas, and often these 
drains may be brought to the surface of the body through a small separate 
incision in the flank The value of drainage m these cases is not established 
fully but It probably does no harm and possibly is of some efficiacy in pre- 
venting diffuse peritonitis or the formation of pancreatic pseudocyst follow- 
ing injury to the pancieas In some cases pancreatic fistula forms as a 
lesult of injury to the pancreas The skin surrounding the drains should be 
protected well against possible coirosive action of enzymes 

Because feeding stimulates the secretion of pancreatic juice, food should 
be withheld and supportive measures maintained for several days in cases m 
which injury to the pancreas is known or suspected This is particularly 
desiiable if the seium amylase level remains elevated or fluctuates, or if sec- 
ondary elevations of the serum amylase occui (Figs 3 and 9) It is prob- 
ably safest to assume that such postopei ative alterations in the serum amy- 
lase indicate a continuation or a 1 ecui rence of leakage of enzymes from the 
injuied pancreas In patients who show evidence of progressive pancreatic 
necrosis following injury to the pancreas, drainage of the gallbladder or 
common duct may be considei ed, but the efficacy of such a procedure has not 
been demonstrated This operation was not performed in any of the cases 
reported here Drugs, such as atropine, that inhibit pancreatic secretion were 
not given in these cases but it is possible that they might be useful 

The significance of elevations in the serum amylase occurring after oper- 
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ations on the pancreas, stomach, duodenum, oi lowei end of the common duct 
IS probably the' same as that of any other trauma to the pancreas In such 
cases the principles governing the smgical and postoperative management 
are essentially the same as those described foi cases of injury to the pancreas 
fiom external sources 
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Dr Robert Elman (St Louis, Mo) I would simply like to report, bneflj', 
two observations in confirmation of tliose of Doctors Naffziger and McCorkle, illustrating 
the sensitivity and rapidity with which the serum amylase test reflects obstruction or 
injury to the pancreas 

The first observation was made a number of j'ears ago, while working on pan- 
creatic fistulae, all of the pancreatic juice flowing through a rubber tube to the 
outside Many weeks after the operation, nhen all wounds were healed, the tube was 
clamped Within fifteen vwiutes after this obstruction the serum amjdase had risen 
from normal level to about four or five times the normal level and increased to much 
higher levels afterwards 

The second observation is a clinical one, details of which were furnished to me 
by Doctor Somogyi A number of years ago, while studying the amylase content of 
a great many presumably normal serums, he ran across a specimen that contained a 
very high level of serum amylase He found that this specimen was obtained shortly 
after an abdominal operation and that the amylase value returned to normal the next dav 
He was interested to know what was found at the operation He asked the surgeon about 
the condition of the pancreas The surgeon said he was >;ure the pancreas was quite 
normal because he had palpated and examined it, reallv vigoiously, and I am sure, 
massaged the whole organ from head to tail and found nothing abnormal ’ 
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TOTAL PANCREATFXTOAIY FOR CARCINOMA^ 

cvsn REPORT 

EiiGRNn "W Rockfa', AI D 

PonrrAKn, Onicov 

Intfri'^i in ihc operative lemov'al of tumois of the panel eas has been 
given much greater impetus m the past fifteen yeais, paiticulaily since I935> 
and the iiumliei of leported cases now urns into tlie hundieds A search of 
the hteiature. however. lev’cals only two lefeiences to so-called total pan- 
createctomv 

Sauve^ savs m iMaich. 1908, concerning the case of Bilhoth of 1884 


"This CISC IS nicnlioiicd iii the report o( M'woRolisou it the Con(,rcss of Pins m 1901 It \ns 
prolnblj 1 Question of i totil tumor of the piiicrcis which would ln\c nccessititcd totil ihlation of 
the gliiid, with rccoieri ■ — V\ c hi\e no othet iiidRitioiis is to the opcriluc procedure in this case, 
ind we do not lihc it into considcritioii ” 


W'e have been unable to find am diiect repoit of this case by Billroth 
Sauve also, in the same communication, reports Fianke’s case of 1900 
This report quotes Franke in detail as follows 


“Woman, 6S >cars old, entered the Clinic on April 30, 1900 Hid been opcrited prcMouslj on 
October 14, 1898, for a tumor of the pjlorus, which hid caused stenosis 1 hid done a pjlorectonu 
with gastroduodenil anastomosis b> the Kochcr procedure The results were excellent ind the pitient 
was dismissed on November 4tli Tbc pancreas bid been recognized is health), and besides the p)loric 
tumor was due to an ulcer not a cancer 

"The patient felt ver) well after this first intervention until March, 1900 At tins period, she 
became thin, lost her appetite, and noticed a tumor in the operated region On examination, she was 
ver) thin, not recognizable, without a trace of jaundice The scar was perfect A little to the right 
of the medial line, and on this line could be felt a tumor the size of a small apple, scarce!) sensitive, 
slightl) movable transversel) , much more movable from top to bottom I thought it a recurrent cai 
cinoma m the scar of the stomachic resection, but it was impossible to make a gastric examination, as 
the patient was vigorousl) opposed to it She was easily persuaded to have the operation 

“Operation May i, 1900 Chloroform Laparotomy above the umbilicus Duration of the 
operation one hour and a half Between the left lobe of the liver, the stomach and the duodenum, 
were thick adhesions which I had to cut with a thermocautery The outside of the gastroduodenal 
anastomosis was so perfect that it almost bad the look of a normal pylorus Behind the stomach was 
the tumor The head of the pancreas was invaded by the cancer, the tail appeared health) , but on 
thorough examination I discovered that it showed two indurated nodules, and I decided on a total 
pancreatectomy The total extirpation was difficult because the compact adhesions joined the pancreas 
to the retroperitoneal tissues The adhesions were freed, partly with the theimocautery , parti v 
with the bistoury The ligature of the large vessels was very difficult namely, the splenic vein had 
to be tied twice, numerous ligatures were placed on ev'erything winch bled Under the head of 
the pancreas I found a small mass the size of a hazel nut, situated against the duodenum I thought 
that It was a question of a supernumerary pancreas, and I conserved it After a careful drying of the 
peritoneum I closed the wall by layers 

Operative Results Very good No glycosuria until the fifth day From the fifth to the nine 
teenth day a moderate quantity of sugar in the urine (the maximum was 3 Gm of sugar per litre on 
the eleventh day) 

Read by title before the American Surgical Association, May 13-14, i943i Cin- 
cinnati, Ohio 
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“The twenty sixth day the patient left cured, without glycosuria and eating normally Since 
then, she has never had any glycosuria Until July 30, in perfect health, from that time recurrence 
of the cancer with jaundice and ascites October 16, died, five and a half months after the operation ' 

It IS to be noted that Fianke left a small mass situated against the duo- 
denum, which he thought was possibly a supernumeraiy pancreas, and that 
the duodenum was not removed We feel that in all likelihood a nm of the 
head of the pancreas adjoining the common duct was not removed, and that 
It was not a true total pancreatectoni}'- This opinion would also be substan- 
tiated by the veij'^ tiansitory glycosuria that developed postopeiatively 



Tig I — Semidiagrammatic illustration of cn bloc total pancreatectom\ , with total duodenectonn, and 
partial gastrectomy, with gastrojejuml and cholecy stojejunal anastomosis 


Whipple-’^ Hunt,** Brunschwig,® Dragstedt,'’ Trimble," and Harvey and 
Oughterson,® and others, have made importam contributions to the technical 
procedures and problems met in removing the head of the pancreas and the 
duodenum, together with disposition of the flow 

'Case Report— A O, male, age 51 Had been generally well until January, 1942, 
when he first noted abdominal pain, usually epigastric, but at times in the lower abdomen 
There had been a marked weight loss An appendicectomy had been performed else- 
where, without relief of symptoms There was no change in bowel habit He gave no 
history of jaundice There was an increase in his abdominal distress on eating, and 
because of this he ate sparingly 

Physical Evamtnahon — There was no jaundice The heart and lungs were normal 
Blood pressure 140/90 There was epigastric tenderness, but no muscle spasm There 
was a well healed, lower abdominal, right rectus scar Urine examination was negative 

604 



Volume 118 TOTAL PANCREATECTOMY 

Number i 

for sugar Roentgenograms showed a deformity of both the pyloric end of the stomach 
and the duodenum This was interpreted as due to both gastric and duodenal ulcers 
OperaUon— June 19, 1942 Median epigastric incision Exploration failed to dis- 
close any gastric or duodenal ulcer There was no carcinoma of the bowel There 
was, however, a massive carcinoma involving chiefly the body of the pancreas The 
tumor seemed to extend to the tip of the tail of the pancreas This was rigid and about 
one inch in diameter The tail was not adherent The body of the pancreas was adherent 
to tlie aorta and to the celiac axis The body was the size of a double fist Some of 
the induration extended irregularly down into the head of the pancreas This apparently 
was sufficient to cause biliary obstruction, with resultant marked dilatation of the 


gallbladder 

The gastrocolic omentum was divided between clamps and, in addition, the lesser 
curvature of the stomach was freed, giving good exposure of the growth The gall- 
bladder was markedly distended, and the common duct was dilated, but no stones were 
palpated either m the duct or gallbladder The problem of total pancreatectomy was 
considered and discussed As blood for transfusion was not available radical removal 
\\ras postponed As a palliative procedure an anastomosis was made between the 
fundus of the gallbladder and the anterior surface of the second portion of the duo- 
denum The abdominal incision was closed without drainage 

Three days later a second operation was performed The abdomen was reopened 
through the upper midline incision The cholec5’’stoduodenostomy was taken down, and 
a large gauze pack placed m the right lumbar gutter The previously made division 
of the gastrocolic omentum was extended in both directions The vessels on the 
lesser curvature of the stomach were ligated and the stomach was divided m its 
midportion between Payr clamps The entire duodenum was mobilized The opening 
in the duodenum through which the cholecystoduodenostomy had been done was en- 
larged and retrograde catheterization of the common duct through the papilla of Vater 
was attempted The papilla was found to be obstructed The mobilized duodenum was 
divided just at its junction with the jejunum between clamps The proximal end of 


the jejunum was closed with three layers of No 00 chromic gut The gastroduodenal 
artery was ligated and the duodenum together with the head of the pancreas was turned 
forward and medially The common bile duct was clamped, cut, and ligated with 
chromic gut The pancreas was freed from the superior mesenteric and the portal 
veins These structures were adherent, but there was a line of cleavage A pack was 
placed here The growth apparently extended clear to the pancreatic tail This 
was freed from the spleen The pancreas was then turned forward and the pancreatic 
branches of the splenic artery were clamped, cut, and ligated The tumor was not 
adherent to the aorta, but it was adherent to the celiac axis and to the hepatic artery 
The tumor ivas freed from these structures with some difficulty The entire pancreas, 
lower half of the stomach, and the entire duodenum were removed m one piece 
4 isoperistaltic anastomosis was made between the jejunum and the open 

end of the stomach, with three laj ers of No 00 chromic gut An anterocolic anastomosis 
was then made between the jejunum, at a point eight inches distal to the gastroje- 
junostomy and the previously made opening in the fundus of the gallbladder A 
cigarette dram was brought out through a stab wound to the right of the mam incision 

ligated common duct The incision ivas closed 
with ffirough-and-through wires and chromic gut, silkworm gut in the skin 

Lhe entire procedure took five hours and fifteen minutes During the course of 
•nn,! 2200 cc of citrated blood was administered The patient’s blood pressure 

d pulse rate remained the same throughout the entire operation 

of Gross (C H Manlove, MD) “The specimen consisted 

snerTpr, omentum, pyloric part of stomach, duodenum and pancreas The stomach 
cm and. part, of midgastric region It measures 15 to 17 

length from pylorus to proximal cut end The greater curvature reveals several 
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lymph nodes that vary from 05 to i cm in diameter These nodes are firm, and 
when cut present compact surfaces though the larger surface appears granular A node 
IS present on lesser curvature near pylorus that is firm, enlarged and was removed for 
sectioning The mucosa is reddened and presents usual rugated appearance, and is 
free from evident changes The gastric wall shows no evident thickening 

“The duodenal tissue measures 10 cm in length, and the pancreas is attached in 
usual manner The wall of the duodenum is witho it apparent change The mucosa is 
intact and the wall soft and pliable 



Fig « — Drawing of the operatnely remo\ed specimen, the lower half of 
stomach, and entire duodenum and pancreas 


“llie panel ease piesents as an elongated rounded structuie tliat mcasuies 17 cm 
in length The distal g cm is a dense indurated structuie which, when cut, is composed 
of compact gray to >ellow colored tissue with thin linear striations diffused throughout 
Also, a duct passes through this part of the pancreas This distal part of the pancreas 
appears neoplastic while the remaining proximal part presents usual soft, lobulated 
structural pattern of unchanged pancreas, although in the head near the duodenum, several 
small gray-white lobules of 2 to 3 mm diameter are seen 

"Histology — Sections through distal part of pancreas reveal much of structure 
composed of fibrous tissue and malignant epithelial neoplasm which replace much of the 
parenchyma in sections examined The neoplasm presents as small cords, individual 
cells, various sized ducts and also seen involving the lining epithelium of ducts The 
cells are anaplastic, hyperchromatic and tend in places to goblet cell formation Here, 
in this part of the pancreas the neoplastic cells and ducts are closely invested ■w’lth 
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fibrous tissue which vanes from a dense to loose formation At the periphery there 
occurs areas of gland parenchyma and within these one notes occasional compact mass 
of cells that may well be Langerhans’ islands though no capiilaiy channel is observed 
These are noted because in other sections compact cell masses occur that suggest islands 
of Langerhans as isolated stiuctures and closely invested with fibrous tissue These 
are suggestive of regeneratne hyperplasia of island cells In section fiom midpoition 
these islands are moie frequent and in some a capillary bed is present A large central 
duct passes through the section The neoplasm appi cached the penpheiy of the section 
but does not appear in adjacent fat A small lymph node is free from evidence of 
neoplasm Pathologic Diaguo'H'; Adenocarcinoma of pancieas” 



Fig 3 —Photomicrograph illustrating the pattern of the carcinoma of the 


pancreas 


^ Coiojc The paticiit was in good condition upon completion of the 

followmg day when he suffered a severe hypoglycemic 
n wi violent convulsions and unconsciousness This was relieved by admmistra- 

rnllorf Tr Following this the diabetes was adequately con- 

thTZ^ paroxysms of hiccoughs and occasional vomiting occurred during 

in operative period Gastric aspiration and inhalation of carbon dioxide io% 

paienteL adm«r"' 

It was”nlverTry°'^°^^*^^^'''^ drainage tract was observed 

^ Postopeiative day he looked 

patient comSmed o IT 7 T. ^^th postoperative day the 

lower chest on respiration" The «PPei quadrant of the abdomen and m the left 
those of left lower lobe mil on physical and roentgenologic examination were 

severe abdominal pain His postoperative day he complained of 

poor, and m spite of all became rigid His general condition was very 

the isth postoperative d^'hfdier progressively worse, and on 

nidicates^haVentfrS^C^mrr”^*"?^ ^he above summary, 

resulting m se^raiyproWeV" ^ ^^e first day postopera 4 

Pioduced diabetes was controlled "on " “avulsions Finally, the operatively 

controlled on an average of 27 units of regular insulin daily 
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Table I 

SUMMARY or POSTOPERATIVE COURSE IVITII RErERENCE TO INSULIN DOSAGE GLUCOSE ADMINISTRATION AND DIET 

Day of Operation 

Total insulin dosage — 67 units 
17 units before surgery 
25 units 5 IS P M 
25 units 7 00 P M 
Blood sugar — 250 mg at 3 P M 
Glycosuria — 3 plus at 4 P M 
Total I V glucose (5%) — 1700 cr 

isl Postoperative Day 

Total insulin dosage — 93 units 
Blood sugars — 72 mg fasting \ 

40 mg 12 M r jmj prolonged insulin re ictions 

40 mg 5 P M ( 

212 mg 7 15 P M ) 

Glycosuria — none in 24 hour specimen for tins day 
Total I V glucose— 2000 cc (5%) 

SO cc (50%)- — this was gi\en in 2 injecticns 2o cc at 12 45 PM and 25cc at 
3 00 PM 

2nd Postoperative Day 

Total insulin dosage — 12 units 
Blood sugar — 80 mg fasting 

Glycosuria — 23 gm in 24 hour specimen for this daj 
Total I V glucose— 2000 cc (5%) 

10 cc (50%) 

Total 1 V saline — 1000 cc 

Ji d to 14th Postoperative Day 

Insulin dosage raised to high of 27 units 
Glycosuria — 0 to 24 gm (24 hour) 

Blood sugars — 200 to 286 mg 
Alkali reserve — 45 — (14th p o day) 

Feedings — C- P- F- 

100 60 60 throughout this period 

No evidence of ketonuria at any time during postoperative period 


which IS far less than would be anticipated from the expeiience gained in treating 
patients with diabetes 

The explanation of the low insulin requirement m this patient is obscure The 
lesson to be learned from the experience 111 this case is, as far as insulin dosage is 
concerned, that insulin dosage should be more accurately controlled by blood sugar 
determinations, and that h3'poglycemia should not be produced 

Postmortem Evaminatton — Dr C H Manlove The body was slightly icteric 
The operative wound was well healed except in its upper portion About 500 cc of 
clear yellow fluid was present in the left pleural cavity There was almost complete 
atelectasis of the left lower lobe No obstructing mucus could be demonstrated 

The abdominal cavity contained a very large amount of serofibrinous, bile-stained 
exudate This exudate was found between all loops of the bowel, and had pioduced 
adhesions between these loops, and between other parts of the intestine and the 
abdominal wall The pyloric end of the stomach, the duodenum, and the pancreas had 
been removed by surgical operative procedure m toto The closed end of the first 
portion of the 3e3unum was buried in the region of the ligament of Treit? The 
anastomoses between the jejunum and the stomach and gallbladder were in good 
condition When these stiuctures were ballooned out with formalin no leakage occurred 
The ligated end of the common duct was not identified, apparent^" it was open 

The former bed of the pancreas showed a moderate inflammatory reaction and some 
exudate and disintegrated tissue consistent with the removal of this organ and the 
elapsed time 
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The liver weighed approMniately 1400 Gm The surfaces made by sectioning 
appelred «ry Irk broiwi, compact, and glistening The bile ducts were not en- 

S The portal vein was widely patent The splenic vein was not observed 

The smarand large intestine were not unusual A small amount of fecal material 

was adherent to the panetes and was coated with a serofibrinous exudate 

Two irregular pale brownish areas, one somewhat round, the other elongated ^’easuring 
about 4 N 3 X 2 cm . were found in the spleen These had the appearance of infarction 
The adrenals showed no changes The kidneys were very soft, but were otherwise 
not unusual The central nervous system was not examined 



Careful search and dissection of the postmortem specimen failed to disclose any 
residual carcinoma There was found pancreatic tissue lying just between the stump 
of the common bile duct and the hepatic artery This weighed slightly less than one 
Gm (Figs 4 and 5) 

Microscopic sections of the liver reveal no striking alteration in structure that 
may be seen in the “hepatic trinities,” or within the parenchyma itself (Fig 6) There 
are no evidences of marked liver damage Some of the liver cells appear to contain 
fine droplets which, however, do not stain with Sudan III There is some dissociation 
m the liver cord cells which may he due to postmortem changes 

In summary, it may be pointed out that there existed a carcinoma in the distal 
part of the pancreas in association with distinctive fibrosis, the cause of which is not 
clear If the carcinoma was superimposed upon an interstitial fibrosis and pancreatitis, 
It must be assumed that that had an unusual distribution, as it involved the body and 
tai of the pancreas without causing marked alteration m the head It would, therefore, 
appear that the carcinoma and fibrous pancreatitis are included m one entity The 
surgical removal of the pancreas, together with the portion of the stomach and duodenum, 
1 ^ nnion of the gallbladder with the jejunum has not resulted m histologic evidence 
o iver amage or bile retention Cause of Death Carcinoma of pancreas (removed), 
chemical peritonitis (bile) , atelectasis of lung 
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Pierson® has lecently earned on an investigation of the blood supply of 
the panel eas in the Department of Anatom)% University of Oiegon Medieal 
Sehool This eompiises 50 disseetions He shows (peisonal eommuniea- 
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Fig 6 


Fig 5 — -Photomicrograph illustrating the pattern of the pancreas m the 
small portion remaining near the ligated stomp of the common bile duct It 
weighed slightly less than one Gm This pattern also prevailed in the provimal 
part of the operatively removed pancreas 

Fig 6 — Photomicrograph illustrating the appearance of the apparently intact 
functioning liver structure, after the operation mentioned above 


tion) that as the posterior superior pancreaticoduodenal artery crosses the 
common bile duct it gives off small branches to it, and that these course 
upward fiom its inferior end 
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Comment— Had theie not been the leakage of the stump of the common 
bile duct, and the attendant chemical peiitonitis, the likelihood is that this 
man would have survived The anatomic studies of Pierson show that the 
common bile duct usuall}^ gets its blood supply fiom below As has been 
pointed out by both Whipple and Tumble, implantation of the common duct 
into the jejunum is piobably a safei and wiser pioceduie This would tend 
to give the stump of the duct additional blood supply fiom the jejunal host 
There were no fatty changes m the liver m the tw o weeks’ period of time 
The insulin requirement did not leach the anticipated level Frequent 
blood sugai determinations aie essential to avoid hypoglycemia 

sUMjnvRr 

A case of carcinoma of the pancieas, with total pancreatectomy has been 
described Death occuired 15 days latei fiom chemical peiitonitis (bile) 
Suggestions for similar cases have been made 
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EXPERIMENTAL STUDIES ON PERITONEAL ADHESIONS 
FOURTH REPORT— SULFONAMIDES WITH AND WITHOUT 

HEPARIN* 

Flotd Boys, M D , and Edwin P Lehman, M D 

CHAIlI.OTTESVn.I.E, Va- 

FROM THE DEPARTMENT OF SURGERY AND GYNECOLOGY UNIVERSITY OF VIRGINIA SCHOOL OF MEDICINE 

CHARLOTTESVILLE, VA 

The proven ErrECxivENEss of the sulfonamides m controlling certain 
phases of infection has led to a widespiead use of these drugs within the 
peritoneal cavity in the presence of contamination or infection 
12 , 13, 14 However, the literature on the relationship of the sulfonamides to 
the formation of peritoneal adhesions is scanty In addition to casual 
leferences in various ai tides, a few specific comments may he found For 
instance, Throckmorton^^ concluded from experimental work that sulfanila- 
mide and sulfathiazole do not create adhesions in the rat Jackson^ found 
“no evidence of untoward irritation” when sulfanilamide ivas introduced 
into the normal peritoneal cavity of the dog Corresponding in part of their 
respective solubilities, differing effects on tissue from local application of sulfa- 
nilamide and sulfathiazole are now recognized ® A clinical impi ession exists 
that similar differences occui ivith the use of the hvo drugs in the human 
peritoneum Part of the present study w'as devised to determine the 
lelationship of sulfanilamide and sulfathiazole to the production of adhesions 
m the intact peritoneum of the dog 

During the past three years we have reported extensive series of ex- 
periments in the dog, demonstrating that heparin locally applied is an effective 
agent in the prevention of the refoimation of divided intraperitoneal ad- 
hesions Since heparin might be indicated in the contaminated peritoneum 

foi the prevention of adhesions, a second part of the present study ivas 
directed tow’^ards the estimation of the reformation rate of adhesions following 
the combined use of hepaiin and sulfanilamide 

METHODS 

In all experiments matuie mongrel dogs ivere used Inti apei itoneal and 
intravenous nembutal (Abbott) ivas the anesthetic agent The skin antiseptic 
was Novak’s solution® Aseptic technic ivas followed throughout Ad- 
hesions were created by scarification'^ and were divided by sharp dissection 
six weeks later Hemostasis within the peritoneal cavity was effected by 
either silk ligature or electrocoagulation The abdominal wall was closed 
in layers with silk 

The experiments consisted of three groups (i) The effects of sulfa- 

=*■ Read by title before the American Surgical Association, Cincinnati, Ohio, l^Iay 

13-14, 1943 

Aided by a grant from the John and Mary R Alarkle Foundation 
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thiazole and of sulfanilamide in the normal abdomen (2) The effects of 
sulfathiazole and of sulfanilamide on the lefoimation of divided adhesions 
(3) The effect of heparin combined with sulfanilamide on the lefoiraation 

of divided adhesions 

The results were determined by a count of adhesions at celiotomy at 
least six weeks after the application of the vaiious diugs 

The following experiments were pei formed 

I Noimal Abdomen Conti ol Dogs weie subjected to celiotomy 
and the hovel and omentum weie eviscerated onto waim moist towels 
Aftei the viscera weie returned to the abdomen the wound vas closed B 
Scarification An attempt was made to cieate adhesions by extensive scari- 
fication of peiitoneal surfaces C Dry Sulfathiazole Upon opening the 
peritoneum, the bowel and omentum ueie dehveied and laid on waim moist 
towels Sterile dry sulfathiazole (Squibb) was evenly spimkled over the 
bowel as it was being leturned to the abdomen, the amount used being 
calculated on the basis of 05 grams pei kilogram of body weight D Diy 
Sulfanilamide Sterile dry sulfanilamide (Winthrop) vas employed in the 
same mannei and in the same dosage 

II Division of Adhesions — Snljathiasiole and Snlfamlamidc — A Diy 
Sulfathiazole Adhesions were created by scaiification of the peritoneum and 
some weeks later the abdomen was leopened After sepaiatmg the adhesions, 
sterile dry sulathiazole or sterile diy sulfanilamide was sprinkled evenly 
over the involved portions of the small bowel as it was letuined to the 
abdomen The dosage was again o 5 Gni pei kilogiam of body weight 
B Concentrated Sulfanilamide Solution A saturated solution of sulfanilamide 
in normal saline was administered intraperitoneally by paracentesis aftei 
division of adhesions and for the first three postoperative days One hundi ed 
and fifty cubic centimeters were given daily, either in a single dose, or 
divided into two doses at 12-hour intervals 

III Division of Adhesions — Hepaiin and Sitlfamlaniide A solution con- 
taining heparin* and sulfanilamide was given by paracentesis after the 
division of adhesions, and on three successive postoperative days The 
total daily dose consisted of 1 50 cc of a solution containing i 2 Gm of sulfa- 
nilamide (08 per cent) and 30 rag (3,000 anticoagulant units) of heparin 
In some experiments this amount ivas given once daily, and in others it 
was divided into two doses at 12-hour intervals 


, RESULTS 

I Noimal Abdomen — The average number of adhesions created by the 
simple intioduction of dry sulfathiazole was 63 This compares unfavoi- 
a } with an average adhesion formation of 5 o resulting from scarification 
0 tie peritoneum m 51 dogs carried out wuth the object of creating 
a lesions With dry sulfanilamide, how^ever, the average number of ad- 

Organon^Inc^^”” emplojed was Liquaemin, furnished by the courtesy of Roche 
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hesions foimed was only 1 6 which compares with an average of i i 
adhesions resulting from simple celiotomy In the siilfathiazole experiments 
ever) animal piesented at least one adhesion, whereas in the sulfanilamide 
experiments eight animals out of fifteen presented no adhesions (Chart i) 



Chart i — Effect in the dog of dry sulfathnzole and dry sulfanilamide in the creation of 
adhesions in the otherwise normal abdomen 


II Division of Adhesions — Sulfathmaole and Suljamlaniide — In both 
groups of experiments with the dry preparation, the use of the drugs resulted 
m a greater number of adhesions than were divided Following the use of 
siilfathiazole the average percentage of reformation was greater than 225 
pel cent, following the use of sulfanilamide it was greater than 175 per cent 
The percentage of reformation cannot be given accurately because more 
adhesions were formed in nearly half the animals than could be counted 
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Such animals weie given a flat count of 20 adhesions, although they had 
moie, usually many more, than that luimbei 

With sulfanilamide solution, the lesiilts weie somewhat moie favoiable, 
namely a lefoimation late of only 100 pei cent There was no diffeience m 
the results between the animals given the drug once 01 twice daily Both 
groups aie, theiefoie, lecoided togethei (Chait 2) 



with^n^withouf hlplnn, on the®^reformation*o“f^^^^^ dry sulfanilamide and sulfanilamide solution, 
upper limits of columns one and adhesions The broken lines at the 

expeumfrir epann with S«lfa,«lm,„de~la these 

A st Z^ d ff ' >esults with sulfan.kmide alone 

A striking difference was observed in the number of adhesions which reformed 
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depending on whether the solution was administered once or twice daily 
When given once daily, the average late of reformation was 73 per cent, 
and when given twice daily, it was 23 per cent 

DISCUSSION 

The results of these experiments indicate a definite tendency on the 
part of dry sulfathiazole to create adhesions in the intact abdomen of the 
dog Sulfanilamide is apparent^ less active The effect of sulfathiazole 
is even gi eater than that of purposeful trauma to the peritoneum in the 
attempt to create adhesions, wheieas the action of sulfanilamide is not 
significantly more haimful than the incidental trauma of simple celiotomy 
The reaction to sulfathiazole may be a foreign body reaction related to 
the relative insolubility of the drug 

Following the division of adhesions, the deleterious effect of sulfathiazole 
appears to be markedly exaggerated Curiously enough, dry sulfanilamide, 
although practically harmless in the intact abdomen, seemed m these 
experiments to be definitely active in reforming adhesions The per- 
centage of adhesions refoimed is considerably greater than the average 
numbei leformed without the use of any drug (127 per cent), as reported 
in previous studies " However, when sulfanilamide is exhibited in solu- 
tion, even though it is readmmistered as often as twice a dav for three 
successive days, the ditig seems to have no great effect in modifying the 
reformation of adhesions When given in this form 100 pei cent of 
adhesions reformed 

When heparin and sulfanilamide were combined and given once daily, 
the results were not as good as with heparin alone, i , 73 per cent reforma- 
tion as compared with the previously reported 37 per cent reformation 
When, however, the same combination nas given twice daily, the results 
improved tremendously, to an average of 23 per cent reformation We have 
no figures for comparison of this last result with the use of heparin alone 
given twice daily It is believed, however, that the favorable effect is due 
to the more continuous presence of heparin in the peritoneal cavity during 
the period of exudation 

In summary, these results suggest that sulfathiazole has a marked effect 
in tending to create adhesions in the peritoneum, and that sulfanilamide has 
a less harmful effect The results of the experiments suggest, further, that 
from the point of view of adhesion formation sulfanilamide may be used more 
safely in solution than as the dry substance What the effect of the drug 
in solution may be upon contamination of the peritoneum is a question not 
answered here Before adopting clinically the use of the solution instead 
of the dry substance, experimental evidence should be available on its bac- 
teriostatic effect in the peritoneum 

It is not believed that these experiments indicate the cessation of the 
current practice of using dry sulfanilamide m the peritoneum when neces- 
sary The evidence presented, however, suggests sufficient danger of ad- 
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hesion foimation with sulfanilamide to wan ant its use in cases in which 
Its bacteriostatic eftect is urgently needed If these expeiiments on the 
dog are applicable to the human being, the use of sulfathiazole in the peii- 
toiieum would seem to be positively contiamdicated 

It must be recognized that the piesent expeiiments aie conditioned by 
only that degiee of contamination of the peiitoneum uhich is incidental to 
all clean celiotomies The effects of the diugs in the infected or contaminated 
peiitoneum have not been examined in this study In view of the fact that 
peritoneal infection is one of the commonest causes of adhesion foimation, it 
is easy to see why both experimenteis and clinical obseivers have gained the 
impression that sulfanilamide has a tendency to decrease the number of 
adhesions The diminution of adhesions followung peritonitis thiough the 
use of sulfanilamide might readily be piedicted from the activity of sulfanila- 
mide in controlling infection lather than from any direct viitue in the drug 
as an adhesion preventative 

Summmy i The application in the dog of diy sulfathiazole to the peii- 
toneal surfaces in the intact abdomen and after the division of adhesions 
results m marked adhesion formation 

2 Dry sulfanilamide w hen applied to the intact pei itoneal surfaces ci eates 
few^ adhesions However, wdien applied following division of adhesions, a 
definite tendency tow'ards adhesion leformation is observed In solution, 
the tendency towards adhesion reformation is much less maiked 

3 A solution of sulfanilamide and hepaiin has a slight piotective effect 
against adhesion reformation when exhibited once daily after division of 
adhesions When given twice daily, an excellent piotective eftect is observed 

CONCLUSIONS 

1 In view' of the evident tendency of sulfathiazole to create peritoneal 
adhesions in the dog, it should probably not be exhibited intrapeiitoneally in 
the human being 

2 Sulfanilamide in solution ma)' offer less danger of peritoneal adhesions 
than the commonly used dry substance 

3 The reported experiments tend to confirm the effectiveness of heparin 
in pi eventing refoimation of divided adhesions 
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In recent surveys of acute cianiocerebial tiauma McCouiiell,^ and Guid- 
jian, Webster, and Arnkoff- have leviewed the conditions which cause the 
biam to suell The two basic factois concerned aie intracerebial hemoiihage 
or congestion of the cerebral vasculai tree and suelhng of the ceiebral tissue 
by extravasation of fluid into the cells oi inteicellulai spaces Inciease in 
brain volume due to a single laige clot oi multiple petechial hemoiihages has 
been recorded frequently and does not reqiiiie expeiimental confiimation 
There is also the possibility of vascular congestion, which has not been thoi- 
oughly explored While there is common agreement that localized edema 
occurs in an area of ceiebial contusion, tlieie is a wide diveigence of opinion 
as to whethei extravasation of fluid through the capillai)’’ walls occurs 
throughout the bram Reichardt,*^ who discussed the pioblem of brain swell- 
ing and edema in 1927, concluded that these leactions could not be pioduced 
experimentally because of the biologic differences between animal and human 
brains To date, experimental trauma has failed to pioduce any cleai-cut 
proof that capillar}^ permeability is generally increased The most impiessive 
investigations in this field have been made by Pilchei,’^’ who was unable to 
find any evidence in dogs of increased watei content m the cerebial gra}'- 01 
white matter on dehydration to constant weight In Pilcher’s expeiiments 
the brain was traumatized by diopping a weight on the animal’s head which 
was rigidl}’- fixed m a head-holdei Moie recent work has shown these experi- 
ments to be open to two serious criticisms The investigations of Denn}!- 
Browii and RusselP have pioved conclusnely that ceiebial concussion does 
not occur when the head remains stationaiy Its pioduction reqmies sudden 
acceleration or deceleration, such as occuis when the moving head encounters 
an unyielding object, 01 the stationaiy head is struck by a moving one Theie- 
fore, in Pilcher’s expeiiments, which w^ere made under a general anesthetic, 
It IS most unlikely that concussion could have developed It is unfoitunate 
that no record of posttraumatic changes in leflexes aie given in his piotocols 
furthermore, Alexander and Looney,"^ in a critical survey of methods of 
quantitating changes m bram volume, have pointed out that the presence of 
cerebral edema cannot be detected with certainty by the method of dehydra- 
tion The deielopment of improved experimental methods and the impor- 
tance of a better understanding of the pathologic changes which follow intra- 
c ^ial injuries have led us to reopen this problem m the laboratory 

Read before the American Surgical Association, May 13-14, 1943, Cincinnati, Ohio 
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ATETHODS 

Accurate methods of determining changes m volume of the brain and the 
blood content of the cerebral vasculai tree in cats have been reported m a 
previous article b} White, Verlot, Selverstone, and Beecher ® The correlation 
of brain volume with the capacity of the cianial chamber, oiiginally suggested 
by Reichaidt, was found by Alexander and Looney to be the most accurate 
index of variation fiom the normal cerebral Aolume in postmortem subjects 
White and his coworkers adapted this procedure to cats and found it to give 
extremely consistent i esults Aftei decapitation and exsanguination the brain 
of the normal cat is fiom lo to 12 pei cent smaller than the surrounding 
cran’al cavity For convenience we shall heieaftei refer to this ratio as the 
diffeiential index of hi am volume (D I B V ) This space is occupied by the 
meninges and ceiebrospinal fluid in the subaiachnoid space cisterns, and 
ventiicles 

The content of blood in the ceiebial tissues was detei mined by a method 
adapted by Selverstone,® from Bing and Baker'’ At the moment of decapi- 
tation the neck of the animal is compiessed by a powerful crushing clamp to 
prevent the loss of blood, and then fiozen solid in drj' ice After splitting the 
skull and lemovmg the fiozen hi am, the content of blood is determined by 
comparing the coloi leaction of hemoglobin (extracted fiom the macerated 
brain by distilled w'ater and saponin) wuth benzidine against a standard pre- 
paied from a sample of the animal’s owm blood The blood volume amounts 
to about o 4 cc in the brain of the normal animal, and is reduced to about half 
this amount after exsanguination 

Cats which w'eie to be submitted to expeiimental concussion weie anesthe- 
tized wuth nembutal (pentobai bital sodium) administered intiaperitoneally 
(30 mg per kilo) This dose, supplemented it necessaiy by additional small 
amounts, ensures continuous light anesthesia, wuth preser^atlon of reflexes 
over the period of the acute experiment In their previous investigation 
White, Verlot, Selvei stone, and Beecher found that wuth this dosage of 
barbitmate, under normal conditions, there w^as no alteration m cerebral 
volume or blood content When severe degrees of anoxia (aiteiial oxj'gen 
saturation reduced to 40 pei cent) w^eie intioduced, the brain ^olume in- 
ci-eased as much as 5 per cent, vxz , the noimal differential index betw'een 
biain volume and intracianial capacity was 1 educed from ii to 6 per cent 
While anoxia caused no congestion of the cerebial vessels, a 10 per cent rise 
in the carbon dioxide content of the inspired air doubled the amount of blood 
in the cerebral A-^ascular tree It w^as, therefore, important to prevent anoxia 
or hypercapnea This was done by inserting an intratracheal cannula In 
ordei to avoid anj error, the oxygen saturation of the arterial blood and its 
carbon dioxide content were determined before the animals were killed 

As shown by Denny-Brown and Russell, a relatively constant degree of 
cerebral concussion can be produced by striking the animal a blow^ over the 
occiput wuth a swinging pendulum The apparatus wdiich we used w'as 
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designed, by Professoi Nstlmniel 
Massachusetts Institute of Tech- 
nology (Fig i) The striking 
speed of the pendulum is ac- 
celerated by heavy metal disks 
which are mounted eccentricallv 
on an axle suspended on ball 
healings To obtain a shghtlv 
greater speed at impact we 
added a spiial spring attached 
to one of the disks The sti ik- 
ing speed of the pendulum, 
when leleased from various 
angles, was calculated by the 
number of vibrations of a tun- 
ing fork recorded on a 12-mch 
length of smoked paper We 
did not attempt to calculate the 
energy produced on impact of 
the pendulum at various strik- 
ing speeds, because its relation 
to concussion has been consid- 
ered by Denny-Browm and 
Russell 

After the induction of anes- 
thesia, the cat was placed on its 
side in position for the stand- 
ard blow on the occiput Pulse, 
respnation, size of pupil (in 
millimeters), light and corneal 
reflexes, and the knee jerk were 
lecorded, the animal being ob- 
served until these observations 


H Frank, of the Ph)sics Depaitment, 



remained constant The pen- 
dulum w as then released Trav- 


Fic I — The pendulum used for producing ex 
pcnmental cerebnl concussion The cat is shown m 
position for trauma to occiput 


elling at a speed up to 4.65 feet per second (317 miles pei hour), it 
produces an intense blow wfliich is sufficient to spin the animal around 
and throiv him several feet acioss the table After the trauma we 
lepeated the above recordings of the lieait and respiratory rates, size 
of pupils, and the reflexes at 15- to 30-second inteivals until they returned 
to normal A cistern puncture w^as then performed, and lecordings of spinal 
fluid pressure made at regular intervals In addition, rectal temperatures 
w ere taken and w^armth applied as necessary, in 01 der to prevent an excessive 
loss of body heat At the end of varying mteivals the animals w^ere killed by 
decapitation w itli a special shears previousl) desci ibed ® This permitted 
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exsaiiguination of the head in the case of determinations of brain volume, or 
crushing of the neck and i etention of blood in the head in cases where deter- 
minations of cerebral blood volume uere to be carried out 

CEREBRAL VOLUME CHANGES AFTER CONCUSSION 

A total of 24 cats have been used in these expei iments Of these, one was 
not tiaumatized, and the results in three had to be discarded, because of the 
presence of “snuffles” m Cats Nos 153 and 154 and because the medulla 
was punctured in the course of cisternal puncture in Cat No 15 1 It uas felt 
that valid deductions on the effects of tiauma on ceiebral volume could be 
diawn from the remaining 20 animals 

In the earlier studies of White, Verlot Seherstone, and Beecher it was 
found that the volume of the brain in four unanesthetized cats after exsan- 
guination vas on the average 10 5 pei cent less than that of the cranial cavity 
As a result of further experience we feel that this diffeiential index of brain 
volume should be inci eased slightly, as ue have found variations between 99 
and 12 I per cent, with an average figuie of 11 per cent The administration 
of pentobarbital sodium intiapentoneally caused no change in the A’^olume of 
the brain, provided the oxygen satin ation of the blood remained at normal 
levels It has also been shown that exsaiiguination reduces the inti acerebral 
blood content to a very constant residual of o 20 cc 

The degree of concussion in lightly anesthetized cats was determined by 
following the changes in respiration and heart rate, the size of the pupils, 
and the leturn of the corneal and light reflexes, as suggested by Denn3’--BroMn 
and Russell The Seventy of concussion ivas graded i, 2, 01 3-I-, depending 
on the physiologic disturbances after the blow The characteristic response 
was a biief period of apnea and then a recoveiy of the normal late and depth 
of lespii ation The heait rate was at first usually reduced, up to a maximum 
of 72 per cent, but occasionally there was a slight acceleration Irregulaiities 
in the heart beat were frequent The corneal reflex was consistently lost, but 
recoveied in a period of from a few seconds up to two minutes Dilatation 
of the pupil and disappeai ance of the light reflex roughly paralleled the loss 
of the corneal response In no case were the knee jerks abolished With the 
exception of Cat No 140, wheie respiration failed to return, the animals 
appeared to have fully lecoveied within a peiiod of two to four minutes 
When Cats Nos 147 to 152 (inclusive) veie allowed to come out of the 
anesthesia, they showed no evidence of any ill effects from the concussion 
We found that pendulum-sti iking speeds of less than 30 feet pei second 
failed to produce consistent evidence of ceiebral disturbance On the other 
hand, speeds of 46 5 feet per second caused pronounced reflex changes, basilar 
hemorrhages,* or occipital fractures in three animals Of these. Cats Nos 

■''This subdural and subarachnoid bleeding did not interfere with the measure- 
ment of brain volume, as the blood was thoroughly evacuated before the determinations 
were made It may seem unfair to classify animals -with basilar hemorrhages m the 
category of simple concussion This is done because there was never any evidence of 
laceration or contusion of the brain and because the bleeding seemed to come from 
\essels in the upper cervical region 
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Table I 


Cat 

No 

131 

132 

133 

134 

135 

136 

137 

138 

139 


140 


141 

142 


147 

148 


149 


ISO 


151 

152 

153 

154 

155 

156 


157 

158 


SUMMARt OF DATA AFTER CEREBRAL CONCUSSION IN CATS 



Speed 

Period 

Change 

Pupil- 

Loss of 





of Blow 

of Apnea 

m 

lary 

Reflexes 

Con- 

Sur- 

D I 


Feet/ 


Cardiac 

Dilata- 


. 

H cus- 

\ ival 

B V 


' ' 



Age* 

Sec 

Min Sec 

Rate % 

tion 

Corneal Light 

sion 

Period 

% 





Mm 






Adult 

34 

1 30 

+ 11 

2 to 6 

2 min 

2 mm 

+ + 

5}4 hr 

7 6 

Young 

34 

30 

-32 

5 to 7 

I mm 

1 mm 

+ + 

3 hr 

7 3 

Young 

34 

None 

-19 

0 

few sec 

0 

+ 

3 hr 

8 2 

Adult 

43 

1 

-33 

0 

1 mm 


+ + 

26 mm 

7 6 

Young 

43 

40 

-25 

5 to 10 

30 sec 

45 sec 

+ + 

3 hr 

7 4 


43 

1 50 

-72 

4 to 8 

90 sec 

90 sec 

+ + + 

S hr 

S 9 

A-dult 

43 

Few sec 

-25 

0 

Feu sec Few sec + 

hr 

11 8 

Young 

43 

1 

-45 

3 to 8 


3 mm 

+ + 

Shr 

8 5 

Adult 

46 S 

1 10 

-57 

6 to 10 

2 mm 


+ + + 

30 mm 

9 4 

Adult 

46 5 

To death 

-62 

4 to 8 

Norecoxery 

+ + + 

6 min 

9 0 

Adult 

Adult 

43 

46 5 

None 

30 

- 7 
-30 

0 

ot 

0 

1 min 

0 

4 mm 

0 

+ + 

6 hr 

4 hr 

10 7 

6 6 

Young 

43 

7 

— 5 

2 to 8 

1 min 

2 mm 

+ + 

24 hr 

S 4 

Young 

45 

10 

+20 

3 to 8 

15 sec 

1 min 

+ 

24 hr 

7 2 


43 

36 

-29 

lto5 

40 sec 

45 sec 

+ + 

30 hr 

7 1 

Adult 

45 

1 30 

+20 

2 to 8 

90 sec 

4 mm 

+ + 

30 hr 

7 9 

0„,,,.cd „d„lh ... 

15 -29 5 to 8 1mm 

2 mm 

+ + 

78 hr 11 6 

Omitted from series because of 

snuffles 








Cere- 
bral 
Swell- 
ing % Comment 

3 4 No visible post- 
mortem change 
3 7 No visible post- 
mortem change 

2 8 No visible post- 

mortem change 

3 4 No visible post- 

mortem change 
3 6 Subgaleal clot 
Blood over cere- 
bellum 

5 1 Occipital suture 
sprung Small 
subdural clot 
0 Subgaleal clot 
Blood around 
brain stem 

2 5 Occipital frac- 
ture with blood 
around brain 
stem 

1 6 Respiration not 

normal for 9 
mm Blood clot 
under pons 

2 0 Blood from ear 

Clots along 
brain stem 

0 Clot under scalp 

4 4 Bled from nose 

Occipital frac- 
ture 

5 6 No visible post- 

mortem change 

3 8 Subgaleal and 

posterior fossa 
clots Occipital 
suture sprung 
3 9 Subgaleal bleed- 
ing and film of 
blood around 
brain stem 

3 1 Subgaleal bleed- 
ing and film of 
blood around 
brain stem 

0 No visible post- 
mortem change 


V oung 


Adult 45 


at 23 hrr'™^' pentobarbital 

50 -45 




4 to 10 100 sec SO sec H--}- 3^ min 12 


Adult 

\dult 


45 


45 


1 


45 


IS 


33 6 to 10 2 mm 2 mm 


-62 


’ to 8 2 mm 45 sec 


+ -f 5}4mm 11 7 0 

+ + 16 min 8 0 3 0 


tne lact that the pupils ^^ere dilated before concussion 


mortem chanj 
Small subgale 
and posterii 
fossa clots 
Small subgale 
clot 

Small subgale 
clot 
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139 and 142 lecovered within the usual foui -minute period, but Cat No 140 
died in six minutes of lespiiatory failiiie Out of nine cats submitted to a 
sti iking speed of 43 feet pei second (just under 30 miles per hour), one 
showed a slight separation of the occipital sutuies, and five showed hemor- 
ihages around the hi am stem and ceiebellum On the whole, striking speeds 
of from 43 to 45 feet pei second seemed to he the most satisfactory and to 
give fairly consistent model ate degiees of concussion These speeds are 
somewhat higher than those lecorded by Denny-Brown and Russell, who 
found that evidence of concussion followed a striking speed of 28 feet 
per second 

The protocols of the 20 satisfactoiy animals, with varying degiees of 
ceiebial concussion, are shovn in Table I We have deduced the volume of 
ceiebral swelling fioin the shrinkage of the free space between the brain and 
the cianial cavity As the brain in the noimal animal or the cat under light 
pentobarbital sodium anesthesia is fiom 10 to 12 pei cent smaller than the 
surrounding cianium,t a 1 eduction of this diffeiential index of hi am volume 
iiom II to 6 pel cent lepiescnts an expansion of the brain mass of 3 pei 
cent This figuie cannot he influenced by vastulai congestion, because it has 
been shown that the blood content of the exsanguinated brain is reduced to a 
veiy constant level,® and this w'as coiroborated by microscopic examination 
of the benzidine-stained sections A fuithei theoretic cause of error could be 
distension of the ventiicles by abnoimal amounts of cerebiospmal fluid, as 
mentioned by Ainaud,^® and othei continental wn iters In the previous 
studies of White, Veilot Selvei stone, and Beecher, hydi ocephalus was rou- 
tinely sought for, but no evidence of it was ever detected Fmthermore, it 
was obseived that in the couise of lemoving the brain from the skull the 
ventricular cavities weie veij neaily emptied of then fluid content To 
verify this observation w^e have w^eighed the tiaumatized biain after its 
lemoval from the skull and then cut it tiansveisely to open the lateial and third 
ventiicles After drying these caietully w'lth bits of absorbent cotton and 
lew^eighing, we have found that the w^eight of the letained ventricular fluid 
amounted to no more than o 15 to o 25 Gm 

A study of the data in Table I show's that, although exactly comparable 
degiees of concussion were not produced by a given speed of acceleration of 
the animals head, the amount of sw'elling of the biain coiiesponded veiy 
definitely with the postti aumatic changes obseived Striking speeds of 34 
feet pel second in three cats (Nos 131, 132, and 133) pioduced a 2-f grade 
of concussion in tw'O and a milder degree in the thud The greatest sw'ell- 
ing occuiied 111 Cat No 132, and amounted to 3 7 cent In this animal 
the pel lod of apnea lasted 30 seconds, and noimal respiration had lecovered 

45 seconds The heart late w'as 1 educed 32 per cent and remained irreg- 


I As it IS impossible to determine the volume of the brain before trauma, the only 
available figure for comparison is the average differential index in the normal animal 
This objection is obviated to some extent by the small degree of lanation observed 
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ular for one minute There was only slight dilatation of the pupils, and the 

corneal and light reHexes recovered in 6o seconds 

Striking speeds of 43 feet per second in nine animals failed to produce any 
dehmte signs of concussion 111 Cat No 141, and only very mild concussion in 
Cat No 137 Neither of these animals had swollen brains In the four other 
cats observed over periods of from 26 minutes to five hotiis, brain swelling 
was definite, and varied from an increase of 2 5 per cent m cerebral volume to 
5 I per cent In this lattei ammal (Cat No 136) apnea lasted 90 seconds, 
and the heart late was 1 educed 72 per cent The coiiieal reflex was lost, the 
pupils remanied dilated, and the light lefiex disappeaied foi 90 seconds 
This animal had a sprung occipitopai letal sutuie and a small clot undei the 
brain stem There was, houeiei, no gioss evidence of cerebial contusion 
When the striking speed nas stepped up to 465 feet per second in thiee 
animals, concussion ranged from 2 to dT"? the increase in biam rmltime m 
the two cats which survived less than 30 minutes was slight The reason for 
this IS explained below In the third animal, where there was a a-h degree 
of concussion, the brain volume increased 4 4 per cent before decapitation 
four hours later This animal rvas apneic for 30 seconds, and leqmred 60 
seconds to recoier its normal respiiations and coineal leflex The heart rate 
was reduced 30 per cent, but returned to normal in four minutes Postmoi- 
tein examination showed a linear fractuie running across the occiput, but 
there w'as no evidence of gross contusion of the biain 

A second point of interest is the time required foi posttiaumatic cerebial 
sw^elling to develop, reach its peak, and suliside When the brain volume w^as 
measured 3 5 to 5 5 minutes after moderately severe degrees of concussion in 
Cats Nos 156 and 157, it remained wnthm noimal limits In Cat No 140, 
after a very severe concussion, wdnch lesulted m death fiom respiratoiy fail- 
me in six minutes, there was only 2 per cent inciease in ceiebial volume 
In Cats Nos 158 and 134, which w^eie killed 16 minutes and 26 minutes 
after traumatization, and had 2-|- degrees of concussion, theie w^as an 
increase m cerebial volume of 3 and 34 pei cent, lespectively In the 
four cats that were sacrificed at 24 to 36 hours, the greatest degree of sw^ell- 
ing seen in any animal (56 per cent) occurred m Cat No 147, wdiere con- 
cussion was moderate in degree (2-f-), and the animal killed 24 hours after- 
w ards This animal show ed only a seven-second pei lod of apnea, and a slight 
(5 per cent) deciease 111 heart rate, but the pupils dilated from 2 to 8 mm 
and the coineal reflex was lost for one minute On lecoveiy from the anes- 
thetic, it showed no signs of discomfort and no evidence of any neurologic 
abnormality Cat No 152 was allowed to survive for 78 hours, and then w^as 
found to have a normal-sized brain 

The relationship betw^een time elapsing after trauma and cerebral sw ellmg 
^ cases of closed head 

permitted to recover from the anesthetic, they were re- 

^ ^55), submitted to a second dose of 

ntrapentoncal pentobarbital sodium, was found still to have a normal-sized brain 
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injury aie of interest in this respect He states that “generalized swelling or 
edema of the hraiii was found soon after the iiijuiy and during recovery 
It was not related to the state of consciousness In this series of cases 
cerebial edema did not appeal to increase the effects of the basic lesion of 
concussion or to delay recovery from concussion ” This statement applies 



Fig 2 — Relation between cerebral swelling md the time elapsed after concussion 

equally well to oui findings after experimental trauma Duimg the fiist few 
minutes after the cat’s head was struck the leflexes weie abolished and con- 
sciousness would undoubtedly have been lost m an unanesthetized animal, as 
Williams and Denny-Brown^^ have demonstrated with the electro-encepha- 
logram that the brain waves disappeai over this peiiod But swelling is not 
an instantaneous process and did not develop to a measuiable extent until all 
evidence of concussion had passed Fuitheiinoie, as soon ‘as the animals had 
thoroughly recovered from the anesthetic, they showed no evidence of dis- 
comfort or neuiologic distuibance, in spite of the fact that cerebial swelling 
was at its maximum 

BLOOD VOLUME CHANGES AFTER CONCUSSION 
Analyses of intracerebral blood volumes have been made in ten cats 
Half of these were normal control animals, and in the other five the analyses 
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were made at periods of fiom 5 to 65 hours aftei concussion (the time at 
which brain swelling reaches its maximum) These determinations, recorded 
m Table II, showed no evidence of congestion of the cerebral blood vessels 
nor of extravasation of blood The blood content of the brain vaiied from 
4 33 to o 44 cc , whereas in five normal animals it averaged o 43 cc i hese 
findings were corroborated by the micioscopic examinations of sections of 
other traumatized brains stained with benzidine to bung out the eiythiocytes 
(see section on “Pathologic Changes after Concussion'’) 


Cat No 

Jnlraimatuedhrams 

159 

160 
161 

164 

165 

In jinlraumalized controh 

167 

69 

70 
75 

105 


Tabi-e II 

CLUCBRAL BLOOD CONTENT 

Velocity of Blo" 

Feet per Second 


45 

45 

45 

45 

43 


Concushion 


+ + 
+ 

+ + 
+ 

+ 


Blood Cc 


0 37 
0 23t 
0 44 
0 33 
0 36 


0 36 
0 49 
0 57 
0 40 
0 36 


* The traumatized cats were killed after 5 to 6 S hours 

t Error probably due to inadequate grinding and extraction of blood from brain 


Both Pilcher,'*’ ^ fiom his expeiiments on dogs, and Shapiio and Jackson, 
fiom examination of biaiiis of patients killed by ceiebial trauma, concluded 
that posttraumatic swelling was largely due to an increase in the blood content 
of the hi am In Shapiro and Jackson’s fatal cases cerebial contusion was 
severe enough to produce multiple petechial hemorrhages throughout the 
biam substance But an increased blood content was not a factoi in these 
cats with simple concussion, as chemical tests failed to show any increase m 
liemoglobin content and microscopic examination demonstiated neither pete- 
chial hemouhages noi vascular engorgement 


CEREBROSPINAL FLUID PRESSURE CHANGES AFTER CONCUSSION 

Deteiininations of the cisternal pressures weie made m 14 animals, under 
light pentobarbital sodium anesthesia In making these punctures the mano- 
metei was filled uith isotonic salt solution to a point slightly below the normal 
fluid pressuie Eight cats served as controls and six others were submitted to 
trauma, all of which developed mild to moderate degrees of concussion (Table 
III) As it IS a recognized fact that when two thecal punctures are performed 
with an mteival of several hours the pressure 111 the second may be low- 
ered because of leakage through the tract of the needle, we felt it best, as a 
rule, to peiforni only a single puncture and compare the pressure findings 
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TABLr III 

HIGHEST RECORDED CISTERNAL PRESSURES IN C \TS XETER CONCUSSION 

Cistern Pressure 


Cat 

Velocitj of Blow 


Time after 

Increase in 

Mm of Normal 

No 

Teet per Second 

Concussion 

Trauma Hours Pram Volume % 

Salt Solution 

142 

46 3 

+ + 

4 

3 4 

100 

147 

43 

+ 

22}4 

5 6 

75* 

148 

45 

+ 

24 

3 8 

97 

150 

45 

+ + 

29 

3 1 

133 

1S2 

43 

+ 

78 

0 

112 

171 

45 

+ + 

5 


130 


Cisternal pressures in eight untnuniati^ccl control cats unde' similar conditions oa to 90 inni aterage 
70 mra 

* Needle leaked 


in the traumatized animal ^\lth the average level in noimal cats In our eight 
control cats undei light pentobaibital sodium anesthesia, cisteinal pressures 
ranged from 5s to go mm of isotonic salt solution When postconcussional 
cisternal pressure deteiminations \\ere made at intervals ranging from 4 to 
78 houis, pressures were found between 75 and 135 mm In the final obser- 
vation on Cat No 171 the cistein was punctuied before the occipital blow^ 
and the needle then reinserted and left in place during a five-hour period 
afterw'aid The spinal fluid piessure rose tiom an initial level of 80 to 130 
mm (Fig 3) 

In spite of the small series of 
animals in which these readings 
were made this eiidence indicates 
that theie is a slight to moderate 
rise m pressure after concussion and 
during the period m wdnch the brain 
is swollen The result in Cat No 
152 suggests that the elevation in 
piessuie may outlast the period of 
actual swelling In Pilcher’s four 
dogs, where the fixed head was 
tiaumatized there was also a coin- 
paiable use in the cisteinal pressure 
leadings Oui senes is, unfoitunately small and it wall be necessar}' to make 
fuithei observations befoie exact conclusions can be diawm 

PATHOLOGIC CHANGES AFTER CONCUSSION 
In the pathologic examination of these brains an attempt was made to 
demonstrate certain structural changes wdnch could be correlated wuth the 
observed increase 111 cerebral tissue lolume Several investigators, among 
them Apfelbach,^^ and Coun ille,“ have asserted that sw^ellmg of the ohgoden- 
droglia, enlargement of the perivascular and pericellular spaces, appearance 
of vacuoles in the wdnte mattei, hydropic changes in the cells of the ependyma 
and choroid plexus, aie reliable indicators of traumatic ceiebial edema We, 
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Fig 3 — Rise of cisternal pressure in Cat No 
171 m the five hours ^ollo^^lng experimental con 
cussion of moderate seventy 
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therefore, piepaied oui matenal by technics best designed to show these 

^^^^IminSiately aftei leinoval, one poition of the biain was placed in foim- 
ahn-aminonium bioniide solution and the lemaindei in ten per ceiit neutial 
isotonic formalin solution The duiation of fiKation was 12 days, after which 
sections were stained by Penfield’s combined method for ohgodendroglia and 
micio^ha, Pickwoith’s benzidine technic foi the vasciilai tiee, ciesyl vio et 
and H and E for cellular detail, eil’s method for myelinated fibeis, and 
the Gios siher technic foi axis cilindeis On many of the cases Sudan II 
(Oil Red O) fat stain uas done 

The microscopic sections wei e examined u ithoiit knowledge of the sever- 
ity of concussion 01 degiee of hi am swelling In each section a caieftil search 
was made foi the afoiementioned criteria of ceiebial edema 

It was quite appaient that theie was no significant difteience in the vas- 
cular pattern or the amount of blood in capillaries and veins between the 
most severely concussed biain and those which w'eie not tiaumatized Sw'^ell- 
ing of the ohgodendroglia was found onh m Cat No 132 This w^as suipiis- 
ing, in view^ of the constancy wuth wdiich it has been observed in local brain 
edema and other states Enlaigement of the peiivascular and pericellulai 
spaces w^as noted m Cats Nos 132, 136, and 147 Of these thiee biams, the 
amount of swelling m No 136 was vei} slight Hydropic changes in the 
ependyma was most conspicuous in Nos 132 and 141 , in the foimei concus- 
sion w^as rated as 2-|-, and the lattei leceived no concussion Vacuoles w^ere 
present in white matter of Nos 132 and 133, and w^eie slight in No 147 One 
of these (No 133) had only a slight concussion The sections piepaied by the 
Gros silvei technic for axis cylinders w-ere examined pai ticularly foi swrelling, 
tortuosity, and fragmentation of neive fibers In none of the experimental 
animals weie these changes obseived Fiom these data w'e aie forced to the 
conclusion that these histologic criteiia aie unreliable and unsatisfactory for 
the demonstration of the degree of biain edema produced m this experiment 
To test the hypothesis of Mahoney,^ ’ that concussion is due to cerebral fat 
embolism, we made fat stains on seveial of the most se\erely tiaumatized 
animals In none w'as there evidence of fat embolism 


DISCUSSION 


Concussion, as recently defined by Giirdjian, Webster and Arnkoff, is “an 
unconscious state aftei head injury iinassociated wuth macroscopic or micro- 
scopic lesions of the biain ” If one may assume that the period during wdiich 
the reflexes in these lightly anesthetized animals weie abolished corresponds 
lougi) with the peiiod of unconsciousness, the disturbance produced w^as 
no se\ ere In the five animals permitted to recover from the anesthetic there 
s1j4is of residual neurologic disturbance Attempts to pioduce more 
seveie grades of mjuiy with definite contusion of the biam met with 
fi ^^bim-stnking speeds of 46 5 feet per second w'ere the highest 
T le cats could siuvive Such a blow was sufficient to produce hneai 
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fiactures m the occipital bone oi bleeding from the eai, as \\ell as hemor- 
ihages aiound the medulla and ceiebelliim Although this degree of tiauma 
led to lapid death fiom respnatoiy failuie m Cat No 140, none of the three 
animals developed petechial hemoirhages in the gray or white matter, nor 
any other evidence of contusion It is obvious that the small brain of the 
cat (average weight 26 Gm ) does not develop sufficient momentum to cause 
local bruising at the point of impact or by coniiecoitp To accomplish this 

would require such a severe blow that the vital centers in the brain stem 

wmuld fail to recover The dififei ence m vulnerability to trauma betw een the 
cat and the human brain is great As showai above and by the experiments 
of Denny-Browm and Russell, it requiied a striking speed of approximately 
20 miles per hour (30 feet per second) to pioduce concussion, and even rates 
of 30 miles per hour (44 feet pei second) failed to produce prolonged dis- 
turbances m cerebral function In man, on the other hand, falling fiom a 
hospital bed and stiikmg the head on a hard floor has been a cause of 
concussion At best, under these circumstances the head would undergo 

a free fall of three feet, and a sti iking speed of only 139 feet per second 

(g 5 miles per hour) could be attained This greater vulnerability to trauma 
of the human brain is undoubtedly due to the laiger brain mass and the 
contusing force derived fiom its gieatei inertia on sudden acceleration or its 
increased momentum on deceleration, not to any greater sensitivit} on the 
part of the human nerve cells As pointed out above, the histologic examina- 
tion of the biains 111 these cats has sliowm no evidence of contusion In man, 
contusion, and the obvious edema that may go wnth it, are limited to local 
areas where the bruising foice has been exceptionally severe It takes time 
to develop and cannot occui throughout the brain, because with such a 
severe injury death w^ould be instantaneous 

After concussion it is evident that sw'elhng of the brain follow^s much 
the same course as is seen in mild biuises in other parts of the bod) It 
begins to appear within a quarter of an hour, leaches its maximum in from 
5 to 24 hours, and subsides w'lthin thiee days The quantitative method 
we have used in these and other expeiiments to measure ceiebral swelling 
has given consistent results 111 over 100 animals, but one cannot difterentiate 
between swelling of the cells themselves and extravasation of fluid into the 
intercellular spaces Foi this reason we have leframed fiom specifying edema 
and have made use of the more inclusive term “cerebral sw^elhng,” but it must 
be emphasized that the permeability of the capillaries is not increased to the 
point where erythrocytes escape 

The sw^elhng w^e have demonstrated after concussion does not seem at 
first glance to be very extensive, as it amounts to an increase in brain mass 
of less than 5 5 per cent However, when one stops to consider the potential 
space available for expansion within the skull, it is evident that the intra- 
cranial cisterns and the cerebral \entricles must be definitely compressed 
To understand this one must remember that the space wnthin the cranium 
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contains not only brain tissue, but 
in addition the blood content o{ the 
ceiebral A'asciilai bed, the aiach- 
noid and dural membianes, with the 
blood m the duial sinuses, and the 
cerebiospinal fluid which fills the 
lemaindei of the space The quan- 
titative lelationships of these sub- 
stances, in noimal brains and also 
aftei concussion, aie given in Fig- 
ure 4 This shows that aftei a 
simple concussion the biain may 
swell to a point wlieie it neaily fills 
the cranial cavity The leason foi 
the elevation obseived in the cistei- 
nal piessures is, therefore, obvious 
Theories to account foi the 
use in intracranial pressure aftei 
head injury, expressed in pievious 
articles (Pilcher"*’ ** , ArnaueP® , 
Shapiro and Jacksoip-), have gen- 
erally emphasized the importance of 
minute hemorrhages, congestion of 
the blood vessels, and the mciease 
m intiaventncular fluid, and have 
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minimized the possible escape of plasma through the capillaiy walls That 
an mciease in intia- and exti avasciilai blood plajs an impoitant role 
in cerebral contusion goes without saying, but it ceitamly is not a factoi 
in concussion Careful weighing of the lesidual fluid content in the ven- 
tricles after these hiams weie lemoved fiom the skull has shown that internal 
hydiocephalus is equally unimpoitant We have, theiefoie, reached the 
conclusion that even m uncomplicated concussion thei e is a widespi ead exti a- 
vasation of the noncellular elements of the blood thiough the capillaij’ walls, 
although the process is so diffuse that actual edema or cellular swelling can- 
not always be visualized microscopically 

In the earlier papei by White, Verlot, Selverstone, and Beecher,® it 
was sliowm that anoxia, by itself, is capable of causing a 5 per cent increase 
in brain volume Still furthei sw’elhng may occur w’lth a use in the caibon 
dioxide content of the aitenal blood Hypercapnea is capable of producing 
such a congestion of the cerebral vascular tree that the blood content of 
the brain may be doubled ^^fl■len these twm factors w’oik together, as they 
do during failing lespiration and with an obstructed air-w’ay, the cerebral 
loluine may increase to the point wheie the entne available intracranial 
space IS filled and the biam seveiely compressed Whether cerebral swelling 
due to trauma is fuithei augmented to a serious degree by complicating 
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factois, such as a failure of the lespiratoiy center, obstruction to the air- way, 
and respiratoiy depiessant drugs, is to be the next subject for investigation 

CONCLUSIONS 

1 When cerebral concussion is pioduced in cats, for even brief periods, 
theie IS an inciease in the volume of the brain up to a maximum of 5 5 
pel cent The degree of swelling has been found to vaiy diiectly wath the 
severity of the concussion It makes its appeal ance in about 15 minutes, 
leaches its gieatest extent betw'een 5 and 24 hours, and subsides after 
three days 

2 Sw^elling of the brain is not related chronologically to the neurologic 
changes that accompany concussion In these experiments it failed to 
develop until the respiratory, cardiac pupillary, and corneal reflexes had 
returned to 1101 mal , and it reached its greatest extent after the animals had 
recoveied from their anesthetic and no longer showed any evidence of 
residual cerebial distuihance 

3 After concussion the inciease in brain volume is due to extravasation 
of fluid thiough the capillaiy w'alls, and not to the escape of led cells, 
to vascular congestion, or to distension of the ventricles with increased 
amounts of fluid 

4 The increase m ceiebial volume reported has not been sufficient to 
produce the histologic changes wdiich have been commonly regarded as 
characteristic of ceiebral injuiy There has also been no microscopic evi- 
dence of vasculai engorgement 01 escape of red blood cells 

5 The degiee of cerebral sw'elhng is, however, sufficient to reduce the 
space occupied by the ventiicular and subaiachnoid fluid from its normal 
volume of 8 pei cent of the intiacianial cavitv to 2 per cent Coin- 
cident wuth this the pressure in the cisterna magna undergoes a slight but 
definite rise in pressure 

6 When there is, in addition, an aiea of contused brain, or wdien 
anoxia and a rise m the blood carbon dioxide level result from an obstructed 
aii-w^ay, failuie of the respiiatory center, or lespiratoiy depressant drugs, 
further swelling and congestion of the brain may lead to serious compression 
of the vital centers 

We wish to take this opportunity to extend our thanks to Miss Anna Murphy and 
Miss Eleanor Fogerty, of the Anesthesia Laboratory of the Harvard Medical School at 
the Massachusetts General Hospital, for carrying out the blood-gas analj'ses 
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Discussion — Dr Francis Grant (Philadelphia, Pa) This paper of Dr White’s _ 
represents a carefully controlled series of experiments Of particular value are the 
results he lias obtained m the production of more severe types of concussion In 

experiments of this tjpe m the past, control of the amount of applied injury has been 

difficult The usual result m our experience has been that either little or no apparent 
damage has resulted from the blow or that the animal has promptlj' died 

To produce a state of prolonged unconsciousness in the animal that is at all com- 
parable to the situation seen in man after severe cranial injuiy is very difficult, and 

only with t)’e development of our ability to produce such experimental animals can 

we begin to study the fundamental causes of death following cranial trauma, why, 
for example, piilmonarj congestion, hjperthermia and loss of peripheral vascular 
artermlar control are so uniformly found in the terminal stages following cranial injury 
lat a sudden, sharp movement of the head through space will cause unconscious- 
ness is common knowledge Many piize fights ha\e confirmed this observation But 
an abrupt deceleration in the movement of the head is much more serious Then, a 
patient IS thrown from an automobile or falls from a height, the movement of the head 
IS suddenly, and forcefully checked Injury now' occurs in two areas At the point of 
immediate impact, and at the opposite pole, by contrecoup The brain is shaken inside 
1C crania vault like dice m a dice box Not only are there the coup and contrecoup 
injuries to t le surface of the brain but a case of contusion stretches into the midbrain 
between these points of mjuii, 

Neither time nor inclination exists for the consideration of an exact definition of 
concussion Alani gradations of unconsciousness plus recoverv come under this defini- 
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tion We are all familiar with the football player who is knocked out momentarily, 
tomes to Ins feet almost at once, plays magnificently in the last quarter, and on reaching 
the dressing room suddenly asks who won the game He has no conscious recollection 
of anything that happened He may and probably has had a concussion He was 
apparently unconscious foi a period but, tlien, except for Ins highest centers of 
memory and integiation, he functioned apparently normally 

This is a sitiiat on ,\ n th ob\ 10USI3 cannot be reproduced m animals But by this 
method of injurj’’ plus carefully coordinated studies of neurologic evidences of the 
degree of consciousness as shown bj' response to pain, abolition or retention of 
reflexes, plus microscopic indication of brain damage to definite areas, we may 
be able to determine, roughly at least, nbat degree of iiijurj to what areas of the 
brain are necessary to produce the unconsciousness plus recovery we have termed 
concussion 

It is interesting in regard to these cases of Doctor White’s that although the un- 
consciousness was immediate and the recovery was relativelj immediate, the maximum 
swelling did not appear for some little time later on So, obviouslj% the mild edema 
of the brain which he reported has had nothing to do with the momentary unconsciousness 
produced by the blow 

If I have any criticism of this paper it is that microscopic studies were focused 
on the presence or absence of evidence of edema and w^ere not carried through the mid- 
brain as well as the cerebrum at the point of application of the violence 

That the application of violence to the head w'as follow'ed b^ edema is not surprising, 
even in the absence of evudence of contusion of the adjacent cortex The brain responds 
to injury by a certain degree of swelling commensurate w'ltli the degree of mjurv, exactiv 
as does any other part of the body In man, concussion is commonly followed bv a 
headache, suggestive of mild brain swelling which, just as in Doctor White’s animals, 
begins promptly, may be maximal in 24 hours, and then disappear It is to be hoped 
that those who believe m lumbar puncture or dehjdration will note rather the rapid 
disappearance of this edema than its occurrence, and permit the pressure to subside 
spontaneously instead of trying to hasten its fall by unnecessarj'- removal of fluid 
Doctor White is to be congratulated on this w’ork He has developed and im- 
proved the methods described b> Zucherman and Denny-Brown, and confirmed their 
findings It IS through basic work of this tjpe that our knowdedge of the tinderljing 
physiologic processes consequent upon cranial trauma will be increased and possible 
advances in our treatment of these conditions made 
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The recognition and treatment or shock, the use of the sulfonamides, 
the improved transportation of the wounded bv an, land, and sea, and a moie 
comprehensive conception of the ph}siologic effect of tiauma have almost 
revolutionized the tieatment of w’ounds of the cential neivous system 

In preMOus wars the moitalit} m wounds of the brain was gieatly in- 
creased by shock and infection Tiansfusions of blood, plasma and albumin 
administered in sufficient quantities to combat shock have made possible the 
transportation of patients over long distances The emeigency treatment of 
Open head wounds, consisting of shaving the scalp, aiiest of hemorihage and 
local application and oral admmisti ation of sulfonamides have allow^ed for 
an interval before reparative surgery is impel ative of from 36 to 48 hours 
These twm factors have not only low^eied the 11101 tality and reduced the inci- 
dent of infection but have changed the plan for the care of these cases Hos- 
pitals far from the scene of battle can be utilized for repai ative suigery and the 
patients transported to them Postopei ative caie and 1 ehabihtation can thus be 
carried out simultaneously 

Wounds of the spinal coi d still pi oduce marked disability, depending upon 
the severity of the lesion, but the factoi of infection has been moderated 
Spinal shock caused by w'ounds of the contiguous stiuctures have been noted 
and under proper treatment have shown a tendency to recovery in a laige 
percentage of cases 

Wounds of the peripheral nerves are, and wnll be. one of the major prob- 
lems of the w'ar Injuries of the extiemities comprise the majoiity of dis- 
abling w'ounds, and, naturally there is a high percentage of peripheral nerves 
involved While at the present time an end-to-end anastomosis is the opeia- 
tion of choice, using nonabsorbable sutures, fibrin glue and neive grafts aie 
being investigated as to their efficacy 

Peripheral vasoneuropathy, oi the so-called immeision foot, has been 
lecognized as a disabling affection of the exnemities occunmg to men wdio 
have been adrift at sea Degeneration of the peiipheral neives has been 
demonstrated in amputated feet and legs associated with pathologic changes 
in the veins and arteries Adequate treatment has been follow^ed by a mini- 
nium of permanent disability 

In the present war the ideal arrangement w'ould be to establish neuro- 
surgical centers at strategic points foi the care of wounds of the central 

nenmus system Howeve r, because of the fact that oui ships and hospitals 

• " — '■■■ ■ 
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construed as official or reflecting the views of the Navy Department 
OT the Na\al Service at large 

011^'^^^*^"^'^^' Ameiican Surgical A.ssociation, May 13-14, 1943, Cincinnati, 


635 



CAPTAIN W M CRAIG 


Annals of Surperj 
October 1943 


are so ^\ldely dispersed, this is impossible While the Biueau of Medicine 
and Surgerj^ have attempted to distnbute the neurologic surgeons among the 
hospital ships and hospitals, it is important that j^hysicians aboard ships, nith 
the Marines, and at first aid stations, be made aware of some of the funda- 
mentals of diagnosis and tieatment 

A very definite program of instruction has been carried out at naval 
hospitals and particulaily at the National Naval Medical Center where series 
of lectuies are given coreiing the subjects which a medical officer should 
know 

In attempting to teach some of the fundamentals involved in the eftects 
of tiauma, we conceived the constiuction of an animated diagrammatic motion 
picture which would depict the lesult of applied force We w'ere fortunate in 
having in oui studio one of Walt Disney’s assistants w'ho had enlisted in ihc 
Nav} When outlining this motion picture the exact transmission of force to 
the head, causing the different types of injury to the brain, had to be 
demonstrated accuratel}’’ Simultaneously' with the drawings which w'eie 
made, experiments w'eie carried out upon monkeys in which the calvanum 
was lemoved and a Incite convex plate w'as applied ovei the brain Motion 
pictures of the biain could be taken tbrough the tiansparent cap showung the 
exact movements of the Ijiain sulasequent to the application of force to the 
skull In this manner the drawings weie made, and an animated, diagrammatic 
motion picture was made in the studio at the Naval Medical Center 

The motion picture illustrates the different effects of head trauma ranging 
from concussion to laceiation of the brain Depiessed fractures wdiich 
become infected through neglect or improper care have been illustrated wnth 
the subsequent invasion of the meninges the development ot meningitis and 
brain abscesses 

Open and closed head injuries, wnth scalp w'ounds and penetrating w'ounds, 
are shown to emphasize the pathologic lesion 

As the proper treatment of head injuues, especially in the patients w'ho 
are unconscious, lequires free air passages, the effect of transporting the patient 
ill the prone oi the supine position is shown diagrammatically, wnth regard to 
the prevention of anoxia and its deleterious effect upon the cerebral cells 
The film illustiating head mjuiies is but the first of a series to show the 
effect of trauma upon the spine and to the peripheral nerves It is being 
shown as an educational feature in the instruction of medical officers w'ho are 
being sent out to care for the wounded aboaid ship, in the mobile hospitals, 
and with the Marines 

Discussion — Dr A W Adson (Rochester, Minn ) I feel rather inadequate to 
discuss this paper, because our experience has had to do with patients in civil 
pactice I am very much impressed with the speaker’s animated films and can see 
how valuable they are m the teaching of surgery 

I think perhaps I can appreciate the situation that confronts Doctor Craig and 
others who are called upon to teach special procedures to men with general surgical 
training It is obvious that some of the teaching has to be rather fundamental, and 
certainly this method of teaching is a very effective one Our experience w'lth the 
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me of the silent movte has been most effective in teaching diagnostic methods and 

surgical procedures in neurology and neurosurgery 4 .up 

I should like to emphasize one point, and that is the value of oxpen in t 
treatment of patients with craniocerebral injuries We have found it to be of inestimable 
\alue in relieving the state of coma or unconsciousness , , i 

Nothing has been said about chemotherapy I am convinced that chemotherapy is a 
most valuable adjunct m the treatment of war wounds The administiation of the sulfa 
drugs in the presence of compound fractures of the skull lowers the incidence of menin- 
gitis and other septic conditions t 

I congratulate Doctor Craig on the development of these animated films I am 
suie that they will be worth while, not only in the development of neurosurgery 
but in the development of other phases of surgery as well 

De Allek 0 Whipple (New York City) I do not pretend to discuss the neurologic 
phases of the subject, but I would like to say something about the possibilities of using 
the animated cartoon for certain types of teaching, as compared to the role which the 
so-called moving picture has had m the teaching of operative procedure 

I do not believe that we can teach surgery by the moving picture, at least the 
technic of surgery That is too complicated a subject to teach by the moving picture 
It always seemed to me it was like trying to teach a man to plaj”^ the cello by a 
sound movie 

The animated cartoon, however, is an entirely different technic and offers certain 
possibilities which I think have not as yet been used I speak particularly in regard 
to the demonstration of the embryology of the various systems 

We have with us, as one of our residents at the present time, a man who 
explored this field, to a certain extent, while he was a student at the Northwestern 
University Medical School, and he demonstrated, certainly m showing the development 
of the primitive brain, that it was possible to bring out certain features that are 
in chronologic order which cannot be demonstrated in any other way 

1 am particularly interested m developing an animated cartoon of the development 
and rotation of the gastro-intestinal tract I have to teach that about three times a 
jear to the third-year students in Applied Anatomy, and I turn myself inside out and 
stand on my head three times a year trying to demonstrate the process to the students 
and I neier get it across, but I know, m an animated cartoon, it can be done 

Mr Jlfprey Jefferson (London, England) It is a great pleasuie, natuially, to be 
here and to have the opportunity of hearing these discussions, to get a first-hand 
expel icnce of the problems which suggest themsehes to you as being most worthy of 
the focusing of attention, and to hear of the way m which you are attacking them, 
specifically in reference to this last paper of my old fiiend, ^aptain Craig 

Really, what Doctor Adson and Doctor Whipple said about the method practically 
co\ers the ground I sat there, quite remstructed again on some of the simplicities of 
surgery which always gave one pleasure to see at any time 

If I might, I would like to discuss a part of the paper which Doctor Craig did 
not gne, that is, about the treatment of penetrating wounds 

Some of us, like myself, have had expeiience both m the last war and again m 
tins, and we ha^c been led to certain conclusions about them I emphasize, I should 
agiec with what Captain Ciaig said, of comse, about the rapidity of the treatment, m 
H fi ^11 astonished to discover that a number of patients 

particularlj intravenously, survived untreated despite delays 
uLui, circumstances of war Of course, an aspect of all planning 

nnt met ^ IS the difficulties of any particular operation, 

tlian anntEA^ particular exercise m one country rather 

heartiU tn ii ^ difficulties of a particular operation While w’e all subsciibe most 
b\ comnetnt 1 treatment, we add that the treatment should be given 

natient vete Kptt^”*^ ^ certain amount of delay is wuse if by doing so the 

So It Ine ^’■^stment than lie does by immediate operation by less skillful surgeons 
bad no out that a number of patients have been successfully treated who 

which some ha\e^ ^ J to resist the temptation to 
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We have to avoid that We have to watch and stick to our piinciples Although 
even large numbeis of patients should survive in this way there are probably a number 
of men who died by the wayside, of whom no record exists 

Then I come to the other point, and that is how one should best treat the pene- 
trating wound One thing has been apparent from all experience, and that is that 
suction IS the most important of any surgical procedure that we have That, as many 
remember, was introduced by Harvey Cushing in the last war, using a small rubber 
catheter Even in many of our operations overseas, we have been able to supply them 
with power suction The neurosurgeon, from his experience with the sucking out 
of portions of the brain and the section removal of the tumors, has been encouraged 
to suck out areas of damaged brain, a procedure which the general surgeon would 
hive thought went beyond the boundaries of reason or perhaps of practicabilitj With 
the properly set apparatus it is possible to produce these large cavities, which peimit 
hlling with sulfanilamide powder This is of great benefit to the patient in a\oiding 
the draining sinuses or the edema, and allows for the subsequent rather low 
incidcnee of fungus 

Moieovei, by doing so it is possible to remove all or most of the fragments and 
usually to get iid of the damaged tissue 

The last point is that most fatal infections aie not cortical meningitis spreading 
from the edges of the wound but an infection which has spread from the wounded 
area as encephalitis To avoid the setting up encephalitis m damaged tissue, iMth the 
blood clot around about, one should completely excise this whole area by suction 
and leave that part of the wound as a kind of cai itj alwavs closing the wound 

We have had some discussion as to whether or not scalp wounds, head 4\ounds, 
and penetrative wounds should be left open or whether they should be closed, and although 
the general principle of leaving a limb w’ound, a flesh w’ound, open has been completeh 
accepted by everybodj, it has been no less completely accepted that head w’ounds ought 
to be closed Some have closed them one tw’o, or three days after wounding, after 
the very thoiough kind of suction and clean-out that I ha\e mentioned, and have 
obtained something that is not perhaps quite primary union but very closelv ap- 
proximating It 

In this brief time I can not do full justice to this subject, but I thought that 
those were two points that occurred to me as being worth while of emphasis — they are, 
once more The fact that those infections occur through an encephalitis that mvoEes 
the ventricals and then spreads through all the ventricular passages, evervvvhere, 
rather than by local spread, and the necessity for the complete clean-up of the wound 
by suction, with the addendum that it is our duty to see that the surgeons who have 
to deal with tliese cases have the right instruments with which to carry out the operation 

Captain W M Craig, MC, US NR (closing) War wounds of the central 
nervous system have responded so satisfactorily to the modern method of treatment 
that it has become important to stress certain facts m the teaching of medical officers 
of the U S Navy 

At the Naval Medical School, where a course of instruction is given, we have 
been woiking on a plan of using animated diagrammatic motion pictures in emphasizing 
the fundamental factors involved in these wounds Having Walt Disney’s assistant 
in the enlisted personnel of the Medical Corps, and w'orking in our motion picture 
studio, we have outlined a program for the making of motion pictuies to be adapted 
to sound This afternoon I am presenting the section dealing w’lth head injuiies 

These pictures are being presented as an educational feature in the instruction of 
medical officers who are being sent out to care for the vv^ounded aboard ship, in the 
mobile hospitals, and with the Marines 

I greatly appreciate the discussion which has been made with regard to this 
presentation, paiticularly by Mr Jefferson I am sure you have all set up an experi- 
ment in the laboratory, and when vou try the experiment you find it is not complete 
Mr Jeffeison refeiied to penetrating wounds of the head We spent months of our 
time on that portion of the film, which still remains on the reel, because, evidently, 
the film separated just as we reached the penetrating wounds, which I had hoped to 
demonstrate He very graciously emphasized the points of importance 
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becent advances in the treatment of ruptured 

(LUMBAR) INTERVERTEBRAL DISKS^ 

Walter E Dandy, MD 


B.vltijiork, Md 


Rupilrld lumbar iKicRVCRroRAL DISKS, discovciecl hfteen yeais ago, 
aie now among the most common lesions coming to suigeiy Then diagnosis 
and localization aie simple, almost absolutely ceitani, and a cine is practically 
assmed, and almost without risk The stoiy of the eaily development of 
this field IS now well known but in the past thiee oi four yeais both the 
diagnosis and tieatment have been levoKiUomzed Only these lecent all 
important discoveries will be considei ed hei e 

The diagnosis can now be made solely upon the histoiy of low back 
pain plus sciatica dow n the back of the leg and occun mg m attacks , 
neai ly ahvays the backache and the pain m the leg ai e intensified by coughing 
and sneezing dm mg the acute stage of pain In 95 out of 100 cases with 
such symptoms a ruptmed disk will be the cause Thiee other conditions 
may cause the othei five per cent (i) Spondylolisthesis (2^0) , (2) con- 
genitally defective fifth lumbar veitebra (2%) , and (3) tumors of the 
caiida equina (1%) A roentgenogram of the lumbar spine wall diagnose or 
eliminate spondylolisthesis and a congenitally defective veitebra Tumors 
of the cauda equina (1% of the total), therefore, give the only pioblem m 
diagnosis The symptoms may not diftei from those of a disk but the 
backache may be higher, and there is fiequently loss 01 diminution of patellai 
reflex Should a tumoi be present a lumbar puncture wall usually show^ 
xanthochromic fluid Only the suspicion of a tumoi justifies a lumbai 
puncture 

Only tw'o examinations are important (i) Roentgenologic — In addi- 
tion to excluding or diagnosing the above lesions, positive evidence of a 
disk IS frequently indicated in the lateral view' by nairowmg of an inter- 
veitebral space (2) The Achilles reflex This is normal m over half the 
cases, but when reduced 01 absent the disk is usually at the fifth lumbai 
It is therefore, important, only for localization of the disk 


TYPES OF DISK 

Theie aie two types of disks (i) Protruding, and (2) concealed (very 
s igit) piotruding or not protruding) The latter are twice as fiequent as 
the foimer and it is then disclosure that has cleared the whole subject of 
disvs All of these will be missed if spinal injections of hpiodol, an, etc 
aic nsec 01 diagnosis Then sjmptoms aie piecisely like those of the pio- 
uicing isss The> can be found at operation just as Unequivocally as the 
Alw ai s the nei v e root is adheient and the thinned ligament 
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ovei lying the disk gives a sense of fluctuation to the foiceps When the 
ligament is punctuied the foiceps dip into a big cavit} of the necrotic disk 
All affected disks have two components (i) The necrotic interior, and 
(2) the pait that protrudes oi attaches itself to the nerve The former 
causes the backache, the lattei the sciatica 



lie t — Drirting ehouing ho« the disk nrotn'-’es Ttie remo\-’' 
of the interior of the disk is all important unless tliorouglilj remD\ ed 
the percentage of recurrences mil be verj high 


SPINAL INJECTIONS OF LIPIODOL, AIR, ETC , CONTRAINDICATED 

Until recently luptured disks have been diagnosed and localized b) 
spinal injections of lipiodol, thorotiast, air, etc All are strongly contia- 
indicated because they fail to disclose the small (concealed) disks which are 
tw^o-thiids of the total All disks can be diagnosed and localized without 
these contrast media, hence the) are supei fluous , moreovei , if dependence 
is placed upon them the tw'o-thuds that do not show' b} the injections 
aie denied the cuie that surgery affoids Spinal injections aie painful and 
unless the liquid contiast media aie lemoied they aie peimanent deposits 
having flee access to all the flmd-containing spaces of the brain Even 
spinal punctuies contnbute nothing and should be avoided 

LOCALIZATION OF DISKS 

Ninety-eight per cent of all lumbar disks are at the fourth and fifth 
This w'as first showm independently by Love at Mayo’s, and Spurling, of 
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Louisville, and subsequent reports, including oui own, have not changed this 
remarkable localization This fact alone makes unnecessary any need for 
contrast media in the spine It is almost as easy to explore both disks if it 
were necessary But there are now' methods of determining which of the 
disks is involved in over 90 pei cent of the cases If there is a diminution 
or absence of an Achilles leflex, the disk wull be at the fifth 111 most instances 
The roentgenogram show s a nai row interspace in many instances When these 
tests are still negative, the affected disk can be localized at opeialion in 
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The unusual disks at the second and thud are usually localized by pain 
in the fiont of the thigh, the otheis give pain in the back of the leg 

TREATiMENT OF RUPTURED DISKS 

The tieatment of luptuied disks is dictated by the chaiacter of the 
pathologic process Both the protruding disk and the neciotic interior 



of the disk must be removed If only the piotiusion is lemoved the back- 
ache continues and lecurrence of sciatica reaches a very high percentage 
The cu) e of a disk lequiies removal not only of the piotrusion but of the 
entire necrotic interior of the disk This is done by thorough curettement 
If this IS carefull)'^ done I do not think a disk can recm 

TREATiMENT OF THE LATERAL JOINT 

When there is excessive movement betvAeen the veitebrae, I have opened 
and cuietted the cartilage fiom the joint on the side of the exposure This, 
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unquestionably, adds to the stabilization but I am not ceitain that it is 
necessary The surfaces of the bodies of the ^elteblae aftei thorough 
curettemeiit aftord such a laige area foi fusion that fusion of the lateial 
joints IS piobably unnecessary One such joint has been exposed five months 


latei and uas absolutely solid, noi was 
there any movement between the vei- 
tebiae iihich weie very loose at the 
first operation 

CONCERNING SPINAL FUSION OPERATION 
At the present time spinal fusions 
have attained a consideiable vogue The 
leason foi this is that disks have been 
impioperh treated in that the inteiior of 
the disk has not been removed When 
the entire necrotic disk has been ex- 
tirpated, firm union occurs between the 
vertebrae There is no indication foi 
fusion opeiations foi iiiptured disks and 
eveiy reason for avoiding them Thev 
require three months in a plastei en- 
casement — a severe ordeal on the patient 
The disk operation itself requiies no en- 
casement and the patient is out of the 
hospital in ten days to two weeks 

HYPERTROPHIED LIGAMENTUM FLAVUM 
Fiequently an operator claims the 
symptoms and signs of a piesumed 
ruptuied disk are due to a hypeitro- 
phied hgamentum fiavum This is 
merely a self-satisfying explanation foi 
negative findings A thickened liga- 
ment cannot cause these symptoms Al- 
ways there is a disk 



marked tlrree, more at four, and most at 
five The degree of the shift vanes greatly , 
it maj be as much as 90° at the fifth lum- 
bar This change in the direction of the 
articular facets allows mo\ement of the 
spine, but at the same time produces weak 
ness and makes it susceptible to the de\el 
opment of defective intervertebral disks 
There mav also be marked asymmetry m 
the two sides 


THE ANATOMIC REkSON FOR THE FACT THAT NEARLY ALL DISKS 
OCCUR AT LUAIBAH FOUR- AND FIVE 

The reason for this concentrated localization of disks to only the foiiith 
and fifth lumbar vertebrae is, I think, explained on an anatomic basis The 
planes of the articulations between the vertebrae change markedly at these 
tiio sites Viewing the skeleton fvom behind it will be seen that the joints 
^ the uppei three lumbai veitebrae are paiallel to the spinous processes 
The plane of the fourth turns 45” and that of the fifth 90° from the hoii- 
zontal There are many lariations in the degrees of rotation of the joints, 
the aboie being the maximum, but always this tiend occuis and because of 
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this, greater movement of the spine — piincipally flexion and extension but 
some lotation — is obtained at these two points The same transverse planes 
of the articulations occui in the cervical region where maximum movement 
is obtained Disks also occur m the ceivical legion though less frequentl)^ 
because a lesser weight is supei imposed 

RESULTS OF DISK OPERATIONS 

To date, 506 disks have been operated upon Ahvays recognizing the im- 
portance of treating the inteiior of the disk, the treatment until recently had 
been only to bieak up the inteiioi with an instiument and depend upon the 
subsequent spontaneous extiusion of the neciotic content through the surgical 
opening in the posterior ligament The last 300 disks have been thoroughly 
cuietted during the past yeai Of these, there has as yet been no recurrence, 
but the time inteival of one }eai is too shoit for comparison However, I 
feel that lecurrences should now' be laie if the treatment is properly done 

The recuirences from the entire series aie 25, or neail}' five per cent If 
the thoroughly cuietted joints are excluded the recurrences in the series up 
to that time w'ould be 14 pei cent 

In the last 400 operations a disk has been missed only once — a tumor 
being lesponsible In none of these has contrast media been used 

CONCLUSIONS 

(1) Ruptured disks aie among the most common lesions coming to 
surgeiy 

(2) Spontaneous cures must be veij- laie, although tempoiai}' 1 emissions 
aie the lule 

(3) Theie aie two components of a luptuied disk (i) The necrotic 
intenoi of the disk causing backache, and (2) the protiuding poition caus- 
ing sciatica 

(4) The diagnosis of a disk is made solel} upon the signs and symptoms 
and roentgenogiams of the spine All disks can be diagnosed coirectly and 
found at operation 

(5) Spinal injections of contiast media and spinal punctuies aie contra- 
indicated, they aie unnecessary and they will diagnose only one-third of 
the total numbei 

(6) The small (concealed) disks outnumbei the maikedly protiuding ones 
two to one They cannot show with any spinal injections of contiast media 
It IS the lecognition of this group that has cleared the w'hole field of disk 
lesions Their recognition at opeiation is unequivocal 

(7) Tw'O disks in the same patient occur in about 20 per cent of the 
cases Very occasionally there is a third disk 

(8) The exposure is unilateral and betw'een the laminae without removal 
of any bone whatever (Love’s operation), or w'hen the interlaminal opening 
is too small the lemoval of a small bite of lamina maj' be necessarv 

(9) Mobility of the vertebra, tested b}' piessure on the spinous piocess 

644 



intervertebral disks 

Nwmticr i 

,m 11 usually dete.mme uhethei the disk is at the fomth and filth lumba. (98 

per cent aie at these two disks), 01 at both 

(10) The entile neciotic content of the inteiioi of the disk should be 
thoioughly removed uith cuiettes This is the best insuiance against le- 

cuiiences 

(11) Fusion opeiations aie iinnecessaiy and are contiaindicated inision 
of the veitebiae occuis aftei removing the neciotic contents of the disk The 
articulai sui faces can be curetted to induce fiuthei fusion in vei> loose joints, 
but I doubt that this is necessaiy 

(12) The leason foi the localization of 98 pei cent of the lumbar disks 
through the fouith and fifth lumbdi is piobably due to a shift in the plane 
of the aiticiilar piocesses fioin the hoiizontal to a tiansveise dnection 


Discussion —Dr Gilbfrt Houuav (Boston) Doctor Dand}'^ has made such im- 
portant and significant contributions to neurosurgery, as we all know, that I have some 
misgivings, as I think anyone would, in disagieeing w'lth him on some of these 
questions which he has hi ought up, because he is a poison of wnde CKperience, and we all 
realize how much he has done to hung neuiosurgeiv to the point W'hich it has reached 
At the present time As a mattei of fact, I do agree w'lth him on some of the points wdiich 
he has stated here 

In the fiist place, I think all of us would agree that an\ thing whiih simplifies 
diagnosis is impoitant If w'e can get away fiom lumbar punctuies 01 Irom other 
types of pioceduics which aie unnecessary, well and good, and insofai as w'e can, I 
say, all light 

Second, I would agree that the vast majority of the ruptured intervei tebral disks 
in the lumbar region can be diagnosed by the s\ mptomatologv of the patients and 
the signs w'hich they show' On the other hand, thcic aie the two pci cent, 01 
possibly five per cent, — in our experience it is near five pei cent — of disks which 
do not occur between the fomth irtei space or the fifth interspace, which one has 
to account foi and wduch one would like to diagnose moie definitely, w'hich I wull 
come to in a moment 

I agree also, that now', theie is little or no necessity for iodized oil We have not 
used iodized oil at the Laliey Clmic foi some \eais, having substituted oxygen for it 
and W'e find, with expeiience, and w'lth the cooperation of the Roentgenologic Department, 
that oxygen can be used pcrfectlj well, and you can get comparable pictures to those w'hich 
you obtain with oil 

I agree w'lth Doctor Dandy about the removal of the inteiior of these disks I 
think It is a very important feature that one must recognize and should aim to get out 
all the degenerated material that it is possible to obtain 

Again, I would say that, on the w'liole, fusions aie ^ery seldom indicated We 
^a^e a rule that after roentgenograms hare been taken, if the patients show a rery 
unstable lumbosacral legion, wuth local reaction, 11 respective of the disk, that those 
patients, almost certainly, ought to be fused, because such a fusion w’ould cover a 
wi er aiea than just the simple fusion which one does undoubtedly obtain by taking 
out the whole of the disks 

But now it seems to me that, fiom our expeiience, certainly, there aie a gieat 
mam patients who do not have the trpical symptoms of a disk — the patients who have 
ow lac V pain w ithout the radiation dow'n the leg in the sciat c area, in w'hom some 

orm 0 uitiei diagnostic proceduie is necessarj to determine w'hether or not a 
disk IS piescnt 


*ur lermore, I would say that if one wants to get as accurate a determination 
^^1 IS before operation— j ust the same w'ay w'e use 

diagiiosc a tumor but to get a more exact idea of its 
0 we find that the use of a contiast medium is advisable in that tvpe of 
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case — the case that does not give typical sj mptoms, as well as to pick up the five per cent 
of patients who do have disks in other localities 

We Iia\e found, in addition to the ones in the fourth and fifth spaces, i\c haic 
liad nine out of 250 cases at the luinbar third, five at luinhar second, and two at dorsal 
twelve, in addition to three tumors, all of which had symptoms of ruptured mterccrtebral 
disks, and would not have been picked up without the contrast medium But, as I saj, 
anything which helps toward greater simplification of this problem is certainlj 
commendable 

Dr Albert Ket (St Louis, Mo) We orthopedic men have been wrestling with 
low back pains for a long time, and patients w'lth low back pain and w'lth sciatica have 
gotten well and have staved well for a long time, again and again 

I think that I agree with Doctor Dandj about hpiodol and also air I do not 
like lipiodol and I cannot interpret air 

When his work first came out about concealed disks, I looked for them, and when 
I got through I was never sure whether I had made the disk and the cavity or it 
had been there I did not realize the point that the nerve was always adherent, so I 
probably have looked in some normal disks for his concealed disks, and I felt that I 
had done a little more harm than I had good, and then I fused the spines 

Removal of the disk will not result in spinal fusion, that is by bony ankylosis 
between the bodies of the vertebrae I think most of us have seen unstable lumbar 
spines with sclerotic opposing surfaces which caused sj mptoms 

In regard to the posterior fusion which is done by most orthopedic surgeons, we now 
keep our patients in bed only three weeks, and then let them get up with a belt or 
a low back brace My criterion for an operation on the spine is a patient who has 
had the pain so long or is having so much pain that he justifies a major surgical 

procedure to get rid of it Unless he is very markedly disabled and has had it for 

a long time, I do not think operation is justified Lots of them get well w'lth 
manipulations Witness the popularity of the osteopaths We have manipulated 
them long before we had osteopaths Lots of them get well with rest and support 
I think those should be tried first 

Dr Walter E Dandy (Baltimore, Md closing) There is very little to add 
Doctor Horrax has mentioned the fact that some of these disks occurred at the second 
and third lumbar interspaces My criterion for a disk higher than the fourth is that 
the pain is m the front of the leg instead of the back In my paper I was emphasizing the 

pains that occur in the back of the leg and not the front of the leg If there is an> 

question of its location, it can be determined by pressure upon the spinous processes, 
if the disk IS at the second or third lumbar, there will be increased mobility of the 
affected vertebra 

The answer to the question, when to operate, is when they are having enough pain 
to seek relief It must be realized that the complaints will probably recur for the 
remainder of life, for spontaneous cures must be very rare There may be long remis- 
sions, but any little strain on the back reproduces the pain, and then it usually recurs 
with greater frequency 

I have exposed the site of earlier disk operations several times when the patient 
returns with a second disk, they are perfectly solid This results because the whole 
surfaces have been extirpated, and a fusion of the entire bodies of the vertebrae is 
inevitable As I indicated before, if the operation is done in that way, and done properly, 
I do not think a disk can recur 
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The sympathetic nervous s\sTnM. though nicely diagiammed in ana- 
tomical texts, has often been found by the suigeon seeking to efiect sym- 
pathetic denervation of the extiemities, to be apparently anomalous beyond 
all uudei standing m its devious oiigins and lamifications This has been the 
case paiticulaily with the uppei extremities 

In a patient with Raynaud’s disease that had had anteiioi ihizotomy, 

T 2 through T 8 on the i ight and T 3 through T 8 on the left, the observation 
13 days after operation that skin gahanic 1 espouses weie piesent in both 
hands led us to investigate fui thei the spinal 01 igm of the pi eganghomc fibei s 
to the uppei extiemity m man 

It has been obvious that anatomic dissection does not suffice to indicate 
the physiologic pathways of the sympathetic nervous system Neither can 
the information gamed from animal experimentation, even m monkeys, be 
transposed to man The conti ibutions of trial surgical proceduies of the 
sympathetic system in man have often been useful but just as often inconclu- 
sive and misleading Witness, for example, the conflicting lepoits regaidmg 
the spinal oiigin of the preganglionic sympathetic outflow to the upper ex- 
tiemity m man Cask and Ross^ (i937) stated that the preganglionic sym- 
pathetic fibers for the aim extend fiom the segmental levels of the coid T 4 
to T9 Foerster^ (1939), using the plethysmogi aph, made observations of 
vascular changes in the uppei extermity on stimulation of anterior neive 
roots He concluded that the pi eganghomc fibers producing vasoconstriction 
in the upper exttremity exit via antenoi loots T 3, 4, 5 and 6, and possibly 
T7 While and Smithwick^ (1941) gave the levels for pi eganghomc out- 
flow ioi the conti ol of blood vessels, sweat glands and erector pilae muscles 
of the arms as T 2 through T 8 Additional evidence^' ^ has been supplied to 
show that T2 IS the upper segmental level foi the pi eganghomc outflow m 
man None of these obseivations has indicated that the upper level evei 
extends to the first thoiacic segment and there is no umfoimity of opinion 
a 10^ the lowest segmental level which may supply the upper extremity 
iheie has been less inteiest. though equal uncertainty, over the pregan- 
g_ioi ^itflow of sympathetic fibers to the pupil Foerstei® obtained homo- 

unnatl^ Ohio^ American Surgical Association. May 13 - 14 , 1943, Cin- 
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laleial dilatation of the pupil in man by stimulation of anterior roots C 8, T i 
and T 2 Hyndman and Wolkin" found that m five patients m whom anterior 
1 oots T I to T 5 were sectioned bilaterally, three patients showed bilateral 
miosis and ptosis, whereas two showed only unilateral changes 

Observations made on laboratory animals, chiefly the cat, dog and mon- 
key, have indicated the variation in segmental le\els of sympathetic innerva- 
tion which may occui m different animals as w'ell as m the observations of 
different experimenters and emphasized how unreliable are any attempts to 
commute the findings to man Langley’’ concluded that the preganglionic 
outflow to the forehmb in the cat occurs in the fourth to the tenth thoracic 
neive roots Ascioft” found m monkeys that the segmental levels w^ere T 3 
through T 9 Kuntz, Alexander and Furcolo’” concluded from experiments 
wuth cats and dogs that the “white communicating rami of the flrst and lower 
thoracic nerves include pieganghonic fiheis which effect synaptic connections 
wuth ganglion cells involved in the sympathetic inneivation of the upper ex- 
tiemity” Sheehan and Marrazzd^ have detei mined the preganglionic out- 
flow to the uppei extremity in the monkey b} recording electrical activitv 
of peripheial neives during stimulation of anteiior nerv’^e roots and concluded 
that the outflow is limited to roots T 4 thiough T 8 Kuntz and Dillon^- 
usmg the changes m the extremity recorded by a photo-electric plethysmo- 
graph following stimulation of anterior loots, maintain that in cats and mon- 
keys the sympathetic outflow' to the upper extremitj has its upper level at 
the flist thoracic segment 

By recoiding changes 111 skin lesistance on stimulating the anterior roots 
Geohegan, et al detei mined the preganglionic sympathetic outflow' to the 
limbs m cats and monkeys They noted not only the variation fiom animal to 
animal but emphasized the difference in segmental levels of outflow that ma} 
exist on the two sides in a rhesus monkey Then experiments w'ere performed 
primarily to establish the validity of a method that could be used m the oper- 
ating room foi defining the origin of pieganghonic fibers m man 

We'^’ have taken advantage of the opportunity to make observations 
at the operating table 111 18 patients in w'hom the cervicothoracic region of the 
spinal cord w'as exposed foi one reason or another The tests w'ere based 
upon the established fact that sympathetic nerves leave the cord via anterior 
spinal roots and that faradic stimulation of these roots causes S3'mpathetic 
activit)', one effect of w'hich is a change m the electrical resistance of the 
skin in the area innervated In some cases it w'as possible to stimulate the 
lower cervical and upper thoracic roots, in other cases the lower thoracic 
levels, and in still others the entire thoracic preganglionic sympathetic out- 
flow to the upper extremity 


METHOD 

» 

The majoiity of the patients upon Avhom the observations were made w'ere 
operated upon for lelief of pain, the remaindei had Raynaud’s disease Ether 
anesthesia w'as employed in all, and the preoperative dose of atropine was 
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limited to 0 0002 Gm Impodeimicalh Fluids weie admmisteied intiaven- 
ouslv thiou"hout the opeiations in an eftoit to maintain the body’s autonomic 
halanee In a teu patients who de\ eloped eien a model ate degree of shock 
tlie changes in skin lesistance on stimulation of the lOots weie found to be 
uniehable 

A laminectomy w^as perfoinied and the coid wuth its loots was exposed 
after opening the dura The nerve roots w^eie identified readily by skin 
niaikeis ovei veitebral spines whose location was veiified by i oentgenogi ams 
bef 01 e operation Additional verification w as affoi ded by postopei ative i oent- 
genograins showing the positions of silvei clips placed m the dm a at the foia- 
mina of the nerve roots When the upper thoiacic level of the coi d w^as exposed, 
anteiioi rootT i could easily be distinguished fioin T 2 not only b) the diftei- 
ence 111 size but by the eftects of stimulation — stimulation of the foimei 
resulting in muscular conti actions in the hand and of the lattei in muscular 
contraction of the back 

The anterior roots to be stimulated w^eie successively isolated and held 
up on fine glass hooks It w'as felt to be relatively certain that no spread 
of the stimulation occurred either to the coid 01 to adjacent roots This w^as 
verified m many instances by obtaining sympatbetic 1 espouses on stimulation 
of anterior roots after section of coriesponding posterior roots or adjacent 
anterior roots, as wxll as by stimulation of the distal portions of transected 
anterior roots Also, after positive results had been obtained, negative le- 
sponses resulted wdien anterior loots were stimulated proximal to the point 
of crushing In a number of cases simultaneous observations w^eie made of 
the skin resistance m each hand and the positive responses wei e always limited 
to the side of the stimulation 

Two types of stimulation w^ere employed, one delivered by a thyrotion 
stimulator and the other by a 60-cycle alternating current of about 2 r m s 
volts measured under load In the lattei method the stimulus was deiived 
from a simplified sine-wave stimulator, to be described later, and this method 
w^as found to be more desirable 

The changes m the electrical resistance of the skin of the fingers w'as util- 
ized as an index of sympathetic activity It is maintained by some^^ that the 
lowering of the skin resistance is dependent upon the synchronous develop- 
ment of both vasoconstriction and of sw^eating, occunmg wdien eithei of these 
IS piesent but being abolished wdien both are absent Others^’^ believe the 
skin lesistance depends largely on sweat gland activity, being high wdien 
sw'eat glands are inactive and low wdien they are active How^ever, all agiee 
that the low^ering of skin resistance is a leliable indication of sympathetic 
activity and foi oui purposes this aftords a convenient and 1 eliable method foi 
studying the sympathetic activity in man under the conditions imposed 111 
expel inientation at the operating table 

The changes in skin resistance were recorded by means of zinc electrodes 
fastened by finger stalls to the palmai side of the digits which had been cleaned 
with normal saline and w'etted with satin ated zinc sulphate solution The 
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other electrode was fastened beneath the skin or to the exposed muscles of 
the back In early expenments a Wheatstone bnoge circuit was used in such 
a manner that changes in but one digit could be observed Later, observa- 
tions were made by a recorder built by Rahm Instrument Company, accord- 
ing to specifications developed by Geobegan With this instrument it was 
possible to record graphically the changes in resistance occurring at two 
points of the body simultaneously Tims, if simultaneous changes should 
occur m both hands following stimulation of the roots of one side such changes 
would be observed 

When electrodes weie placed on vaiious pairs of fingers of one hand it 
was found that a change in the skin resistance of one was always accom- 
panied by a similar change in the other following stimulation of an anterior 
root Thus, the stimulation of an)' anteiior root containing preganglionic 
fibers to the hand resulted in simultaneous changes in all fingers of that hand 
and there was no suggestion of segmental innervation This observation is 
m keeping with the conclusion of Billingsle) and Ranson’®, namely, that the 
preganglionic fibers of any given spinal nerve root have an extensive connec- 
tion wuth the peiipheral ganglia 
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Fig I — Record of sXin resistance in the hands following electrical stimulation of 
anterior root T3 on the right The upper line represents the left hand— the lower the 
right hand The downward deflection of the line indicates a decrease in skin resistance 


Unfortunately, stimulation of any of the anterior roots above T 2 causes 
movement of the extremity and distorts the recording of the skin resistance 
However, the form of the w'ave (Fig i) and the latent period make it 
possible to distinguish betw'een muscular movement and decrease in skin 
resistance The former begins and ends wuth the stimulation and the w'ave 
fronts are sharp while the latter has a latent period of one to tw o seconds and 
the response is gradual and prolonged 

The pupils were observed for dilatation during each stimulation in order 
to establish the levels of their preganglionic innervation These observations 
were possible in only eight of the cases in which the ceivicothoracic segments 
were exposed 
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RESULTS 

The lesponses obtained from i6 patients in whom changes in the slcm 
resistance of the hand ^eie obseived on stimulation of anterioi spinal roots 
are summarized in Table I 

Of the II cases m which the highest levels of preganglionic outflow to the 
hand were investigated, ten showed the uppermost i oot of outflow to be T 2 
In one case (Case i), T i on one side contained preganglionic fibeis to the 
hand and in another (Case 2), T 3 was the uppermost root of innervation on 
one side Thus, in these two cases theie was a difteience in each peison of 
one segment 111 the highest levels on the twm sides 

Of the seven cases in wdiich the longest levels of preganglionic outflow to 
the hand w^ere tested, the levels w^ere vaiioiisl} found to be T 7, 8, 9 and 10 
In two cases (Cases 12 and 16), theie was a difteience of one segment in the 
lowest levels on the two sides in the same peison 
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Table II 

SPINAL LEVELS FOR PUPILLARY CONTROL 
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In two cases (Cases 10 and ii), the entire extent of the thoracic sympa- 
thetic outflow' to the hand w'as examined 

In a few' cases thei e appeared to be some difterence quantitatively m the 
1 espouse to stimulation of vaiious roots Parnculail} was it noted that the 
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uppei and lo^\elmost roots weie likely on stimulation to give a response of 
less clegiee than followed stimulation of the loots lietween Howevei , this was 
not a constant finding and the limited obsci vations thus fai make it unwise to 
conclude that these variations aie of any significance 

The lesults of an additional study made in eight of the cases included in 
Table I and in two additional cases of the dilatation of the homolateral pupil 
on stimulation of anterior roots, aie summarized in Table II In one case 
(Case I), the preganglionic outflow to the pupil was through anterior roots 
C 8 toT 3 In two cases (Cases 2 and 3), stimulation of root T i alone caused 
pupillaiy dilatation In foui cases (Cases 4, 5, 6 and 7), anterior roots T i 
and T2 contained pupillary fibers, in one case (Case 8), it was roots T i, 2 
and 3, and in tw'O cases (Cases 9 and 10), it was roots T i, 2, 3 and 4 

DISCUSSION 

The observations amply demonstiate the great variability in the segmental 
sympathetic innervation of the uppei exti emity and the pupil in manwanabihty 
not only in different individuals but betw^een the tw'o sides in the same 
individual 

Such infoimation can be put to piactical use in the diagnosis of the levels 
of lesions involving the cord or the thoracic sympathetic chain It wmuld 
explain, for example, the impaired sw^eating in the upper extremity (and m 
the face which probably has its innervation below T i ) wnth preservation of 
pupillary and palpebral function in the case of a paravertebi al tumor (such 
as a “Pancoast tumor”) wdiich paralyzed all ascending components of the 
thoracic sympathetic chain below'^ the first thoracic ganglon 

We attempted to put the information to practical use in the treatment of 
Raynaud’s disease with only partial success as far as total and permanent 
sympathetic deneivation of the extremity is conceined It was reasoned that 
the unfavorable late results m some patients, after one of the standard opei- 
ations on the thoracic sympathetic chain, w'as probably due to the failure of 
the operation to prevent regeneration of neives The most popular operation, 
of recent time, has been that pioposed by Smithwick,-“ in wdiich, exti aspinally, 
the second and third thoracic sympathetic gangli are freed from their central 
connections by cutting then rami communicantes and dividing the thoracic 
chain below the third ganglion It w^as hoped that one advantage of dividing 
the anterior spinal loots which contained sympathetic fibers to the extremity 
would be to pi event or gieatly minimize the possibility of regeneration 

In three cases (Cases 10 and ii in Chart i, and one other) all or all but 
one of the anterior roots on both sides, found by stimulation to possess pregan- 
glionic fibers for sympathetic innervation of the hands, w^ere sectioned The 
protocol of one of these cases will serve to illustrate w'hat results were en- 
countered 

In a patient wnth Raynaud s disease the skin temperature of the hands 
before operation, as recorded by a radiometei in a controlled temperature 
loom at 2sX approximated 23°C in each hand Block of the left stellate 
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ratit^lion with piocaine was followed by vasculai dilatation in the left hand 
Ld"a skin temperature as high as This demonstrated the ability of the 

peripheral vessels to dilate when released from vasomotor control At oper- 
ation, a lowering of the skin resistance m the hand was produced by stimula- 
tion of each of the antenoi spinal nerve lOots T 2 thiough T9 on the left 
and T 2 thiough T 8 on the right The anterior loots from T 2 to T 8 inclu- 
sive were cut on each side Final stimulation of the intact T 9 root on the 
left still produced a lowering of the skin lesislance m the left hand 

Twenty-one days later the skin galvanic reflexes induced by scratching the 
sole of the foot uere absent in the right hand but present m the left This 
demonstrated the presence of the leinaimng preganglionic innervation, pie- 
suiiiabiy through root T 9 on the left side Skin tempeiatures of the fingeis 
on the right averaged 33X and on the left 27X We interpret this to mean 
that the remaining anterior root T 9 on the left was sufficient to maintain the 
skin temperature lower in that hand, yet as a lesult of section of the 
other anterior roots on the left that hand was 4°C warmer than before 
operation 

Ten weeks after operation repetition of tests show'ed that skin galvanic 
reflexes w’ere now^ present in both bands and the skin temperature bad 
dropped to about 24°C on the right and 23°C on the left The light ulnar 
nerve was blocked wuth procaine and the tempeiatme rose in the ulnar half of 
the right hand to about 29° C , no skin galvanic reflexes w^ere now obtained m 
this part of the hand This proves that sympathetic innervation had been 
reestablished on the right even though w'e had employed the usual piocediue 
at operation of applying silver clips to the cential and distal ends of sectioned 
roots 

We have assumed that the 1 eestablishment of sympathetic inneivation 
w;as probably not due to regeneration of cut fibers but possibly to some form 
of rearrangement or supplementation-^ of the outflow through loots not found 
at operation to possess fibers that caused changes in skin resistance when 
stimulated How^ever, regeneiation of fibers from without into a ganghon 
may take place 

Thus, in addition to the variability in the segmental extent to wdiich pre- 
ganglionic fibei s bar e been found pi esent m man, must be added the observa- 
tion that the interruption of all nerve roots found on stimulation to contain 
sympathetic fibers to the extremity m a given case may not be sufficient to 
effect permanent release m that exti emity from sympathetic control While 
tie degree of sympathetic inneivation wdiich appeals to be reestablished is not 
su cient to affect materially m Raynaud’s disease the benefits derived from 
mu tip e rhizotomy, the failure to cut all the roots 01 igmally found to contain 
piegangliomc fibers is another matter The ca^^e repoited, m wdiich the longest 

rnni fT \ ”ffact, as well as another case in wdrich the uppermost 

I 2) wvas spared, demonstrated that lelativel} little clinical improvement 
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occuired if but one of the six to nine loots containing pi eganglionic outflow 
to the upper extiemity was left intact 

I’ I, I 

SUMMARY AND CONCLUSIONS 

Knowledge of the pi eganglionic sympathetic outflow to the upper ex- 
tremity and to the pupil m man has been incomplete, largely because it has 
been deduced by mdiiect methods oi by atteiiiptmg to commute the experi- 
mental observations m laboratoi}'^ animals 

In a senes of i8 patients m Mhom the cei \ icothoiacic legion of the spinal 
cord was exposed the anteiioi neive loots have been electncall}’’ stimulated 
and observations made on the changes m the pupil and m diminished skin 
resistance m the hands 

Observations on changes m the pupil weie made m ten patients and showed 
that the sympathetic innervation traveled through one or more roots and 
between the levels of C 8 and T 4 

In 16 patients in whom the levels of pi eganglionic mneiwation to the 
hand w^ere investigated it w^as found that thei e was vai lation m the upper and 
lower levels wuthin the limits of T i and T 10 This variation occurred from 
one individual to anothei, and on the two sides m the same individual 

In patients wuth Raynaud’s disease division of all but one of the anterior 
roots found to possess pi eganglionic fibeis to the hand lesulted m preservation 
of much of the sympathetic effects in all paits of the hand and m but partial 
clinical improvement 

It was also found that aftei dnision of all anteiior loots containing sym- 
pathetic fibeis to the hand theie w'as return of some S3unpathetic activity m 
that extiemity by the tenth w'eek This is interpreted as possibly indicating 
a functional leorgamzation through othei pathways 

The obseivations emphasize the necessity foi recognizing the variability 
m the levels of sympathetic conti ol to the uppei extremity and pupil in man 
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ACUTE PUTRID ABSCESS OF THE LUNG* 

VII RELATIONSHIP OF THE TECHNIC OF THE ONE-STAGE OPERATION TO RESLLTS 

Harold Neuhof, M D , and Elliott Hurwitt, M D 
New York, N Y 

PROM THE SURGICAL SERVICE or DR HAROLD NEUHOF MOUNT SIN M HOSPITAL NEW AORK N 

Ai the present hme there appeals to be rather general agreement with 
the views we have set forth repeatedl)'^ concerning the desirability of operating 
upon putiid pulmonarjf abscess in its acute stage There is no general agiee- 
ment however, on the operative technic to be employed for acute abscess 
There is advocated a variety of piocedures such as the two-stage operation, 
cauteiy incision, intubation of the abscess cavity, partial oi complete lobec- 
tomy, etc The advantages (or disadvantages) of these operative technics 
cminot be analyzed logicall}'^ because authoi s usually do not present arguments 
in favor of the procedures which the}' advocate Thus, the readei is con- 
strained to conclude that reported operative mortalities are chiefly or usually 
referable to an advanced oi complicated stage of the disease which existed 
at the time of operation Indeed, there is a tendency to classify acute abscess 
into "complicated” with higher, and "simple” with lower operative mortality 
We propose ( i ) to present briefly the basis for the one-stage operation which 
has been employed in our clinic since 1925, (2) to describe the technic of the 
one-stage operation, and (3) to show that the operative mortality and mor- 
bidity as well as the late results of operation are related almost invariably to 
the operation and not to the disease 

(1) BASIS FOR ONE-STAGE OPERATION 

The one-stage opeiation is based on the knowledge of the patholog\ 
of acute putiid pulmonary abscess and on the fact that anerobiasis plays an 
impoitant (prepondeiant role m the infection The details of the pathology 
have been described elsewhere,^’- In brief, an acute putrid abscess usually 
IS solitary, of substantial piopoitions, superficially situated wuthin the lung, 
and overlaid by well-developed visceroparietal agglutinating adhesions By 
virtue of early liquefaction w'lthin the segmental area of gangrenous broncho- 
pneumonia (w'hich is the initial lesion) the abscess presenting the foregoing 
features exists as such within a w'eek or ten days of the onset The shell of 
lung overlying the abscess generally is thin, compressed, and avascular even 
m the earliest stages Rare exceptions to the usual presence of agglutinating 
visceroparietal adhesions are to be found 111 abscesses facing fissures, the 
diaphragm, or the mediastinum Under such circumstances overlying ad- 
hesions also exist but may be local and not visceroparietal These are the 
unusual instances m wdnch the free pleural space may have to be traversed 

* Read by title before the American Surgical Association, May 13-14 1943 Cin- 
cinnati, Ohio 
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m order to entei the abscess All othei abscesses can be opened at a one- 
stage operation without traversing the free pleuia 

Precise loentgenologic localization of tlie abscess is an essential element 
of the one-stage operation and ,can, indeed, be regarded as the cornerstone 
upon vhich the one-stage proceduie is based Fuithei leference to the subject 
will be made in the desciiption of opeiative technic, but we may say here that, 
since the only means of knowing the site of contact of the abscess with the 
thoracic parietes (the site of adhesions) is piecise loentgenograpby, the 
omission of exact roentgenologic localization of the abscess piecltides the 
peiformance of a safe one-stage opeiation Technically satisfactory roeiit- 
genogi ams cannot eri , hence entry of the fi ee pleui al space at the time of 
opeiation (with the laie exceptions noted above) must repiesent an eiioi in 
interpretation of films. 

Even though a primary anaerobic oiigm of putrid pulmonary abscess has 
not been established unequivocally there can be no question as to the im- 
portance of the anaerobic factor The latter, according to all our experience, 
can be rapidly and completely eliminated only by liberal unroofing of the 
abscess Thus, unroofing, not simple drainage, is an essential feature of the 
one-stage operation, and its peiformance under good vision usually can be 
carried out onl} at the pnmaiy operation 

( 2 ) TECHNIC OP THE ONE-STAGE OPERATION 
Since the technic of the one-stage operation is based upon piecise 
1 oentgenologic localization, some consideration of the methods of localization 
IS warranted A study of properly taken postero-anterior, lateral and oblique 
films supplies the necessaiy information as to the situation of the abscess and 
Its site of contact with the thoracic parieties But it is at this point that the 
possibility, or at times the probability, of error begins While it is true that 
in a few situations (thin individuals in which rib counting can be accurate, 
paravertebral abscesses in certain situations, anterior abscesses m the upper 
chest, etc ) the chances for error in localization are minimal, a margin of erroi 
always exists, and increases under a variety of circumstances (small 
abscesses, abscesses situated toward the axilla, abscesses m heavy-set indi- 
viduals, abscesses partially or completely facing fissures, etc ) This gap 
between the true portrayal in roentgenograms and the possible, or probably, 
incorrect approach by the surgeon is completely bridged by the method of 
spot localization introduced b}'’ Rabin ^ To outline the method briefly After 
study of the films and fluoroscopy shoitly befoie opeiation the assumed point 
of contact of the pulmonary abscess wuth the thoracic paiietes is determined 
The intercostal musculature at this point is injected wuth a small amount of 
a mixtuie of iodized oil and methylene blue A new set of loentgenogiams is 
taken There is then revealed the exact lelationship of the “spot” (of iodized 
oil) to the abscess It may be diiectly over the abscess or as much as an 
inch aw a) The stain of methylene blue, which is in the same situation as 

the iodized oil, is exposed at operation Aftei it is levealed by an incision 
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down to the intei costal musculature one is in position to extend the exposure 
in the appiopiiate direction, and to the appropriate extent, in accordance 
with the relationship of the “spot” to the place of contact of abscess with chest 
wall This ingenious method has made possible the precise operative exposure 
of many abscesses It has failed in a few instances which, however, were the 
result of failure to inject piopeil}^ the intei costal musculature During the 
past two years the method has been employed in most operative cases, for we 
have learned that at times we may be as much as one nb oft even in apparently 
simple cases Local anesthesia is emploj^ed in practically all cases, except in 
young children The subperiosteal removal of a two- or three-inch segment 
of one nb usually suffices The excision of a section of an additional nb 
may be lequired foi an unusually large abscess or, more often, because the 
primary exposuie was not quite coriect As has been stated, adhesions are 
well-developed over the abscess at a very early stage Other than in children, 
m whom adhesions tend to be rather tenuous the absence of adequate viscero- 
parietal agglutinating adhesions comprises almost absolute evidence (excep- 
tions already noted) of an incorrect exposure tor an acute abscess (In the 
subacute or chionic stages adhesions often are less firm and edematous) 
In recent j^ears, we have often noted in the operative field the actual promi- 
nence and elastic feel of an abscess through piesenting adhesions We 
ascribe this frequent finding to greater precision in operative exposure, chiefly 
refeiable to Rabin’s spot localization The adhesions are delicately traversed 
ovei a small area down to adherent lung This is done in older to be sure 
that the free pleural space is completel}' sealed oft 

The abscess now is aspiiated with a shoit aspirating needle which should 
be of a sufficient diameter to peimit the withdiawal of thick, inspissated 
mateiial It cannot be too stronglv emphasized that the abscess is super- 
ficially situated in the great piepondeiance ot cases and that usually only a 
thin shell of lung is to be traversed m older to encounter foul air or pus 
Heie again, the site of aspiration is almost certainly incorrect if the abscess 
IS found at a depth of more than a half incli The overlying shell of com- 
pressed, avasculai lung usually is about a quaiter-mch m thickness and can 
be incised with impunity The aspirating needle being held in place, we folio v 
with a cutting grooved director and cutting scissors (Touroff’*), urging the 
patient to avoid coughing at this stage Once a clean entry into the abscess 
cavity is obtained the patient is permitted to cough if he wishes, and the con- 
tents of the abscess are evacuated by suction Under full visualization the 
shell of lung over the abscess is generously excised uithin the limits of 
pleural adhesions Bleeding from a pulmonary vessel, which is uncommon, 
can be controlled by a hemostatic sutuie The result of the excision of the 
hd of pulmonary tissue should be an opening into the abscess almost as large 
as the cavit}'’ Only in cases of large abscesses or in exceptional instances of 
limited pleural adhesions will the opening be appreciably smaller An essen- 
tial part of the operation is the unroofing of recesses m the abscess cavity, 
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which may at times reqiiiie the incision of a thicker layer of pulmonary tissue, 
with occasional hemorrhage Recesses ai e not rare, especially in cases oper- 
ated upon in the fourth and fifth weeks, and their non- oi incomplete unroofing 
at operation may result in persistence of the manifestations of pulmonary 
abscess The disclosure of one or more bionchial fistulae is clear evidence 
that the mam chamber of the abscess has been opened A fistula often can be 
demonstrated by having the patient cough or stiain However, the orifices 
which are invariably present ma}'’ be obstuicted b}'’ blood clot or pus and, as 
a result, cannot be revealed at operation The operation is teimmated by 
gauze tamponade of the cavity All recesses, as well as the mam cavity, must 
be widely packed in order to avoid leaving behind foci of anaerobic infection 
This essential step is facilitated by the use of nairow ribbon reti actors and 
a sterile light placed into the cavity Gauze strips are fiist packed into the 
recesses and then the main cavit}'’ is packed by superimposed strips of gauze 
Tamponade is a correct teim for the gauze pack of the cavity for the purpose 
is to avoid a collapse and consequent shutting off of any part of the abscess 
An otherwise satisfactor}'- operation may result in failure (so-called recur- 
rence) if the precaution of wide packing of the abscess is not taken 

The entry of the free pleural space adjacent to adhesions, which usually 
is referable to an error in localization (at times to violent coughing or strain- 
ing during operation) requires painstaking attention in order to avoid a 
possibly fatal putrid empyema Placing a packing over a small opening into 
the free pleura does not suffice When the one-stage operation is performed 
It IS best to convert a small pleural opening into a larger one, for the lung 
adjacent to the abscess can then be broadly sutured to the thoracic muscula- 
ture The sutures should take deep bites into normal pulmonary tissue and 
there should be no pleural gaps after they have been tied There should, 
however, be no tension on these sutures After a gauze pack is placed and 
held in place over the suture line, the usual steps of the one-stage operation 
can be safely proceeded with If, however, the pleural entry is not caied for 
by suture of the lung to the thoracic parietes a two-stage operation probably 
is safer Thus, emphasis is placed on the desirability of recognition, frank 
acceptance, and fully adequate management of inadvertent entry of the free 

pleural space Reference will be made later to the lesults of such manage- 
ment 


As has been stated, cases of pulmonary abscess in which adhesions aie 
local and not visceroparie''al (abscesses facmg the fissure etc) are rare 
Their satisfactory management by a one-stage operation at times presents 
difficulties, and, theiefore, raises the question as to the desirability of a two- 
stage operation m such cases Indeed, it mil be noted that the fatal issue of 


one of our cases was m part refeiable to infection following a one-stage 
procedure On the other hand, dela}’^ in opening a putrid abscess u Inch goes 
^\lth a tuo-stage operation invites serious and possibly fatal complications — 
spread of the abscess, spill-over infection to other pulmonary areas, pleural 
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contamination, difficulties in finding or in adequately unroofing the abscess 
at the second stage The technic of the one-stage operation for the abscess 
in question should consist essentially of a hbeial opening of the free pleura 
and the bioad approximation by sutures of normal lung (adjacent to the 
abscess) to the thoracic paiietes For example, an abscess of the lower lobe 
faces the midportion of the long fissure and onlj local adhesions exist The 
operative appioach has been through the midaxilla and the free pleural space 
has been widely opened Adhesions of the upper lobe to the interlobar 
suiface of the abscess are freed m order to release enough of the free margin 
of the lobe foi suture to the thoracic paiietes After this has been accom- 
plished the surface of the lower lobe beyond the abscess is sutured to the 
musculature of the chest wall The free pleural space is thus sealed off After 
a strip of gauze is laid and held over the suture line the entry and unroofing of 
the abscess is pioceeded with A fortunately larer abscess presenting a more 
difficult problem is one facing the diaphragm or pericardium An extensive 
suigical procedure may be required Thus, it may be necessary to expose and 
di aw out of the wound much of the free boi der of the lower lobe and suture 
ir to the thoracic parieties before proceeding with the unroofing of the 
abscess The latter may be situated at a great depth and special precautions 
may be required in order to avoid pleural contamination 

Reference will be made shortly to the results of the one-stage operation 
foi cases in which visceroparietal adhesions were absent 

Some leference must be made to postoperative management, for it is 
related directly to the operative procedure The expectoration of foul pus 
(usually present before operation) should stop promptlv after operation 
Its peisistence is evidence of an inadequate procedure Since ve are con- 
cerned heie with the relationship of operative technic to results it will suffice 
to point out that the inadequate operation must be followed by an adequate 
one if cure is to be achieved 

Assuming that the postoperative course and roentgenograms indicate that 
the pulmonary abscess has been adequatel)'^ cared for, the problem of 
inteiest heie is that of vound closuie We have learned that after an 
adequate operation the premature closure of an abscess cavity may, and 
often will, lead to recurrence of the manifestations of pulmonary abscess 
The reason appears to lie in a tendency towards the persistence of anaerobic 
infection in the wounds Theiefore, the vound is kept open and the bronchial 
fistula maintained until the patient is fiee from cough and expectoration and 
1 oentgenograms establish the absence of pulmonary infiltration about the 
lesion - Failure to adhere to these standaids has led to recuiience of the pul- 
monary abscess, as will be recorded in some cases in our senes 

A special problem exists in the case of unusually large pulmonary cavities 
which majr be left after operation for large abscesses The tendency toward 
earljr healing exists as in other caAuties and must also be combatted In 
addition, however, the closure of a large cavity may leave within the lung 
a considerable dead space The potential danger of late infection within such 
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a dead space must be borne m mind, and we shall lepoit one unfoitunate 
case which will illustrate the point We have employed fiee tiansplantation 
of fat in ordei to solve the pioblem of the laige postopei ative cavity which 
will not close, oi which should not be peimitted to close, because of the 
resultant laige dead space ^ On the whole, the lesults have been satisfactoiy 
although at times some dead space appeals to remain (judging from the 
roentgenograms) when the fat giaft becomes absoibed either as a whole or 
in pait The method is mentioned because we aie concerned heie with the 
question of the relationship of the technic of operation to the result 

(3) CAUSES OF OPERATIVE MORTALITY AND MORBIDITY 

It Will now be shown that the opei ative moitahty and moi'bidity, as 
well as the late results of operation, aie diiectly i elated to the technic of 
operation (and postoperative management) m the great preponderance of 
cases Conversely, it will be shown that they are larely i elated to the severity 
or extent of the disease The following analysis can be regaided as timely 
because of the present-day tendency to asciibe opei ative mortality to the 
existence of “complicated” forms of the disease as well as to relate both early 
and late recurrences to the disease and not to the operation 

The one-stage operation which was pei formed in the great majority of our 
cases has, of course, been improved upon over a pei lod of years Thus, a few 
of the untoward results in our early expeiience almost ceitainly would not 
be seen at the present time Howevei, almost all cases have been operated 
upon in accordance with the principles and technic of operation which have 
been set forth, and all will be placed in the one category 

The series comprises 162 patients who were operated upon for acute putrid 
pulmonary abscess There was no selection of cases, and many severe 
(hyperacute) cases are included*^ Theie weie four deaths, a mortality of 
2 47 per cent This mortality in an unselected laige series m itself compiises 
evidence that death after operation can be raiely ascnbable to the disease 
The causes of death and the autopsy findings in the fatal cases have been 
detailed elsewhere'^ Here, it should be pointed out that in thiee of the four 
cases the fatal issue was related, in whole or in pait, to infection consequent 
upon errors in operative technic In only one case, unique in our expei lence, 
in which a septic course continued unabated after a satisfactoi}'- opeiation, 
is death ascnbable to the disease 

Turning now to the interval and end-results, it can be said, at once, that 
complications weie few and that cuie (111 the sense of permanent fieedom 
fiom symptoms and negative roentgenograms) was achieved in the great 
majority of cases However, we aie concerned paiticularly with complica- 
tions and untoward sequelae m order to estimate their relationship to the 
operation 

^Yhether or not the free pleural space was opened at the one-stage opera- 
tion postoperative suppurative pleuritis was exti emely rare It took place in 
one of the four fatal cases There were tv o other instances in which empyema 
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tollowed inadvertent entry of the pleura eaily m oiu experience They 
comprise eriors in technic Of special inteiest is the fact that there was not 
a single instance of pleural infection amongst all the cases (more than a 
dozen) in which the fiee lileuial space was enteied intentionally at the one- 
btage operation 

Reference should next be made to the small but important gioup of cases 
in which secondaiy operations \\eie perfoimed usually within a short time 
of the pi unary opeiation The opeiations weie lequired either for the en- 
largement of the existing opening into an abscess or foi the unroofing of an 
adjacent abscess In eithei case, the secondary operations are referable to 
errors in technic and not to the disease Either the abscess was not ade- 
quately unroofed because of too limited adhesions or a recess or pathway 
leading to an adjacent cavity was not fully laid open In two cases the results 
were unfoitunate because the spiead of infection made necessary repeated 
operations before a satisfactoiy lesult was obtained Indeed, a chronic 
abscess ensued in one of them requiring prolonged treatment before cure was 
achieved These two cases lepresent those exceptional instances in which 
overlying adhesions are not sufficiently wudespiead for adequate unroofing 
The latter is an essential step of the one-stage operation, as already stated 
Accordingly, it wmuld have been better technic in the tw o cases to have opened 
the free pleura adjacent to the existing adhesions and to hai e approximated 
the lung around the abscess to the thoiacic parietes over a sufficiently broad 
area for adequate unroofing of the abscess Emphasis should be placed on 
the rarity of limited or delicate adhesions over the abscess Such adhesions 
almost always point aw^aj^ fiom and not tow'ards the site of contact of the 
abscess with the parietes 

The few instances of failure to recognize at operation a pathw^ay to an 
adjacent locule (biloculai or even trilocular abscesses are not rare in the 
acute state of the disease) is strictl}’’ speaking referable to an error m 
roentgenologic interpretation and not to an erroi in technic In any event, 
the secondary operation, which wnll almost certainly be required in order 
to achieve a cure, cannot be referable to the disease Furthermore, purulent 
discharge from the wound and a few or many of the symptoms of pulmonary 
abscess which will almost certainly peisist if the secondary operation is not 
performed, surely cannot be ascribed to the disease 

Secondaiy opeiations, consisting in laying open the original abscess 
cavity, weie required in seveial cases because of premature closure of the 
wound The intimate relationship between operative technic for and post- 
operative wound management of acute putrid pulmonary abscess has been 
emphasized In a sense, therefore, this group of cases of secondary opeiations, 
due to recurrence of symptoms following premature wound closure, is 
ascribable to errcis in technic Such lecurrences cannot be related to the 
disease Nor can cases be so related Avhen, after the patient leaves the hos- 
pital symptom-free after an adequate operation and subsequently the wound 
liegms to dischaige foul (or nonfoul) pus, fever returns, and symptoms 
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suggestive of recuirence of the abscess set in As a piactical matter, it can 
be said that meticulous attention to dressings following readmission of such 
cases usually will lead to the subsidence ot all manifestations within a few 

days 

The operative technic foi peif orated putrid pulmonary abscess has a veiy 
direct bearing on the result We are concerned solely with the pulmonaiy 
abscess of substantial pioportions in which the clinical manifestations are 
essentially those of the abscess Thus, there is the combined problem (ac- 
coiding to the view we hold) of diaining the pleuial infection and unroofing 
the abscess even though a pei foi ation, of sorts, exists (only rarely will the 
bpontaneous perforation provide adequate unroofing of the abscess) There 
were several instances in which we believed patients to be too ill to withstand 
both wide drainage of the pleuial infection and adequate unroofing of the 
abscess In all of them secondaiy opeiations were required because of 
persistence or recurrence of the symptoms of pulmonary abscess All these 
cases went on to cure but must be termed instances of inadequate technic at 
the primary operation Similarly there were a few instances in which the 
pleural infection was not fully diained at the primary opei ation and sub- 
sequent thoractomy was requiied 

Finally, the relationship of the opeiative technic to late lesults requires 
consideration A follow-up of all oui cases, often ovei many years, has 
established the fact that permanent cure followed the described one-stage 
operation Not all patients have survived, however Death has been due 
to a variety of unrelated causes such as cancer of the stomach or of the 
bladder In almost all these cases an autopsy was obtained revealing com- 
plete healing of the abscess and, theieby, providing inconti overtible proof of 
the relationship of the operative procedure to the lesult There was another 
smaller group of cases m which autopsies made possible a complete study of 
the results of the one-stage operation These were patients with chronic 
pulmonary abscess, operated upon for acute spill-over pulmonary abscess, 
who died subsequently from the eflfects of the chronic lesion The post- 
mortem examination in these cases revealed the same satisfactory findings 
m the operative field of the acute abscess as in the patients who died of 
unrelated causes There are also several patients who are well, or improved, 
following operation for acute spill-over abscess complicating chronic abscess 
In these the evidence obtained from roentgenograms indicates cure of the 
acute abscess There also was a unique case of a spill-ovei acute abscess from 
an acute abscess in the opposite lung Both abscesses were operated upon at 
the one sitting, and both are healed according to strict criteria ^ 

A late death calls attention to a problem which has not been solved by 
the technic of the one-stage operation, namely, the occasional persistence of 
a residual dead space following the operation for unusually large abscesses 
We have described our efforts to pi event such residual spaces, including the 
transplantation of fat The series of events in the fatal case n as as follows 
one-stage opei ation A\as perfoimed for an unusually large abscess of the 
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uppei lobe The postoperative coiiise was entirely satisfactory The 
lesidual cavity was soon clean Because of its gieat su'e healing appeared 
unlikely Accoidingly, a fiee fat giaft was implanted Infection super- 
vened, pi obably because of the unusual si/e ot the gi aft , the fat masses were 
lemoved The wound healed aftei five months and remained healed for 
three yeais of follow-up Thioughout this peiiod the patient remained 
entirely well but theie peisisted m all films an area of rarefaction The 
patient came under hospital observation six months later, with the history 
of a Inng abscess of short duration At operation, there was considerable 
difficulty m disclosing the abscess, which was finally found in the old dead 
space only aftei the free pleura had been entered A putrid empyema de- 
veloped which was diained Death occuired, however, from the results of 
this infection and from cardiac failure It was impossible to determine the 
duration of the pulmonary abscess Since it occuired precisely at the site 
of the old lesion, it can be assumed that a low-giade infection existed which 
was lighted up by some undetei mined cause Tins assumption appears more 
likely than that of a new abscess Accoidingly, tbe case can be classified as 
being 1 elated to the technic of opeiation or postopeiative caie There are 
several othei patients who have been entiiel}'^ uell for years but who beai 
areas of raiefaction following opeiation foi unusually large abscesses Follov- 
up of these cases cannot be permitted to close, for it is conceivable that m other 
cases, too, late infection in the dead space may super\ene 

Although this communication is concerned with the lelationship of the 
technic of operation to the results in cases of acute putrid pulmonary abscess 
it may not be amiss, m closing, to call attention to the fact that excellent 
results also have been achieved \\ ith the one-srage operation for cases of acute 
nonputnd pulmonary abscess Since operation is more raiel}’' indicated for 
nonputrid abscess, only 22 cases have been operated upon All 1 ecovered, and 
the follow-up has established the existence of lasting cuie in all 
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When a fracture of a long bone fails to unite after a sufficient in- 
terval of time, operative inteiA^ention is usually indicated The object 
IS to provide extra bone for the bridging of gaps, filling of defects and in- 
creasing stability, and to stimulate sufficient osteogenesis to result iii 
bony union and to immobilize the fragments in a satisfactoiy position 
until union occurs Other things being equal, the sooner the condition is 
recognized and treated the better the chance of success and the less the 
time lost by the patient Consequently, eaily recognition of impending 
nonunion and decision on the part of the suigeon is advisable However, 
he should avoid subjecting a patient to an unnecessary opeiation 

The decision when to advise operative interference may be relatively 
simple in a case with obvious interposition of soft paits or wheie several 
months or more have elapsed since the injury, or it may be very difficult 
in a borderline case, and the surgeon may err m either direction Recently, 
I advised multiple drilling of a fractmed tibia which had been treated by the 
two-pm method for eight weeks and then a plaster encasement for six weeks 
There was slight distraction of the fragments and false motion on lateral 
strain The patient refused the operation, and four months lat^j- union was 
not firm and the man is not working This leg may unite eventually undei 
conseivative treatment, but I believe that the advice was sound and a 
relatively simple operation might have saved the patient months of disability 
A few years ago I would have waited until nonunion was unquestionable 
before advising operative intervention This was because of the danger of 
infection Now this danger is gieatly lessened by implanting sulfonamide 
powder m the clean operative wound Consequently, operations for non- 
union are undertaken much earlier and many patients are saved months of 
disability and obtain better limbs than would be possible if operations weie 
postponed until permanent nonunion was present In addition to the sul- 
fonamide 111 the wound, which I now use routinely in all operations, the 
patient is given sulfathiazole oi sulfadiazine by mouth (one Gm every six 
hours) for one or two days before and three or four days after the operation 
if the nonunion is present in a bone which has been infected dm mg the 
piecedmg year 

*Read In title before the American Surgical Association, lllay 13-14, 1043 Cin- 
cinnati Ohio 
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Now that operations foi nonunion are performed earlier than in the 
past, the choice of operative proceduie is broadened In some instances 
the fragments aie firmly held in good position and osteogenic stimulus is 
needed, m others mteinal fixation is necessaiy, and in a third group extra 
bone is indicated for filling defects oi mci easing the strength of the bone 
The surgeon should choose the simplest operation which reasonably may 
be expected to yield a satisfactory result, and he should leave as little foreign 
material as possible m the wound With the use of stainless steel and 
vitalhum this is less tiue than in the past, but still it is advisable to use as 
little metallic mteinal fixation as possible, and this is especially true in bones 
which have been infected and in subcutaneous areas Likewise, the simpler 
procedures are less apt to be followed by postopeiative complications 

In the ordei of their complexity the operations which are most useful 
are (l) Multiple drilling of the fragments, (2) open 1 eduction and internal 
fixation, with or without multiple dulling of the fragments, (3) step-cut 
operations, and (4) vaiious types of bone grafts, wnth or wnthout other 
internal fixation Each has its owm sphere of usefulness and all should be 
followed by adequate external fixation — usually a plaster encasement 

1 Multiple Drilling — This is useful m fiactures where the ends of the 
fiagments are m satisfactory position and are firmly bound togetiier by 
dense fibrous tissue which may or may not contain cartilage If the fiagments 
are not in close contact or if they are bound together loosely so that they 
can be angulated easily or moved upon one another the operation cannot 
be expected to result in union The piocedure is especially recommended for 
oblique or spiial fractures because of the larger aiea exposed for drilling, but 
It seems to work equally w'ell in transverse fiactures provided the ends of the 
bones are in good position and are firmly fixed to one another by fibrous 
tissue 01 cartilage 

The drilling may be done subcutaneously through small stab incisions 
or under direct vision after exposing the line of fracture About six years 
ago I drilled a simple fiacture of the tibia subcutaneously and the operation 
was followed by a severe infection and extensive sequestration wdiich neces- 
sitated two subsequent operations befoie satisfactory healing was obtained 
Consequently, I now expose the fracture site and drill the bones under direct 
vision Drills varying from %2 to ^12 of an inch in diameter are used and 
seveial holes are drilled obliquely across the fiacture line from each side 
and a few through the coitex near the end of each fragment, care being 
taken not to break up completely the fibrous union The size of the drill 
varies dnectly with the size of the bone 

The wound is closed and the limb immobilized in a plaster encasement 
and treated as one would a simple fracture in the same location Firm union 
may be expected in from six to eight weeks 

2 Open Reduction and Internal Fixation — This procedure is useful 
m relatively recent fractures (from two to three months old) in wdiich the 
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ends of the fiagments aie appi oxiinately noimal m density In such fiac- 
tuies intei position of soft paits oi incomplete i eduction or impiopei im- 
mobilization may account foi the lack of union If the ends of the fiagments 
aie scleiotic or atiophic or if they have been maintained in satisfactoiy 
position by either internal oi external fixation over a sufficiently long 
period and have shown no evidence of bony union, it is probable that 
open reduction and intei nal fixation will fail and a bone graft is indicated 
At opeiation, the ends of the fiagments aie exposed and tlieir maigins 



I'lG r — Left Humerus uith muscle intet position ten weeks 
nfter iujui> Right Same aftei reduct on, fieshening of ends, 
interml fixation and multiple drilling Inimohilired in a “hanging 
cast” foi eight tveeks, then actue exercise until sold 

aie fiesiiened by pinching off the suiface layei with longeuis The niairow^ 
canal of each fiagment is opened and the fiactuie is then reduced and 
immobilized wnth noncoriosive wnie or sciew^s oi a plate if necessary 
(Fig 5 ) If large loose fiagments aie piesent they may be used as bone 
plates 01 splints (Fig i) No more metal than necessary should be used, 
but the fixation should be as rigid as possible After fixation is complete 
a few^ small diill-holes should be made acioss the fracture line and near 
tie ends of the fragments The wound is closed and the limb immobilized 
m a plastei encasement and treated as would he a simple fiacture in the 
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same location Union may lie expected to be somewhat slower than normal 
(eight to tw^elve wrecks) 

3 The Step-cut Ojici.itiun — In ohlit|uc oi ti.insveise fiactures of the 
upper extiemity, wlieie a modeiate amount of shortening is not very 
objectionable and wdnch have not united after a reasonable length of time 
and wdiere the bone ends are in fairl}' good condition, the step-cut operation 



Hie 2 — Left Humerus with nonunion nine months after injur>, uith 
radial ner\e paral>sis Right Same after step cut operation and neuroljsis 
of the radial ner\e Immobilized in a hanging cast” for eight ueeks, then 
active exercise The large loose fragment was remoted 


ofifeis a better chance of union than does the simpler open reduction and 
internal fixation If the ends of tlie fragments are markedl}^ sclerotic or 
atrophied the operation should not be used as it will probably fail to result 
in union 

At operation, the ends of the fragments are delivered into the w'ound 
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and the ends excised, piefeiabh with a saw Then, a small hole is dulled 
tiansveisely acioss each fiagment about one inch from the end and, with 
a san, a step-cut is made in the end of each fiagment to foim a tongue 
including a little inoie than half 
of the diametei of the bone The 
step-cuts are on opposite sides so 
that when the ends aic pushed 
togethei and fastened by tNNO 
noncorrosive sciews placed at 
difteient angles thei foini a 
faiily stable union (Fig 2) If 
necessaiy the maiiow canals <11 e 
opened betoie the step-cuts a c 
made and di ill-holes aie made n 
the bone neai the step-cut Di il - 
mg of the ends of the fiagments 
is usually omitted as it u o il 
weaken the bone which is onU 
half its normal thicknes \ 
few’ bone chips 01 sphntei s t ■ n 1 
the excised bone aie placed 
around the fiacture and the 
wound is closed The 1 mb is 
immobilized in a plastei encace- 
ment and treated as would be a 
simple fracture in the same loca- 
tion Union may be expected in 
about the noiinal time (six to ten 
weeks) 

4 Bone Giafting Operations 
Bone grafting opeiations are 
used m those instances w'heie it 
is believed that there is a piob- 
ability that the simplei pioceduies mentioned above wall not be successful 
This is because the use of a bone graft usually inci eases the giavity of the 
operation about one-thnd It is assumed that the graft is to be an autogenous 
graft because, while various substitutes foi the autogenous giaft have been 
used, I do not believe that any of them actually stimulate osteogenesis Con- 
sequently, if a graft is indicated it should be an autogenous giaft This 
necessitates a lengthening of the oiiginal incision 01 a second incision 

n many instances in fiactuies of the leg the graft can be removed 
from the fractuied bone, and I have seen no evidence that this deci eases the 
probability of union of the fiactuie, and if the operation is on the lower 
extremity this offers the advantage that the opposite sound leg is not 
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temporarily ciippled oi weakened That this ^^eakenlng of the sound leg 
IS an actual hazaid if a large graft is removed is evidenced by Figure 3 
This leg was fractuied by lelatively slight Molence about two months after 
the opeiation, and took longei to heal than did the opposite leg wduch 
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Fic 4 — lop Fadius and dna reduced ^ ired and drilled six weeks after the 
lujurj A preMous o3en reduction bad failed to maintain position Below Radius and 
ulna file months after fracture A prCMous open reduction and wiring of fragments 
had failed to secure union Intramedullar^ and splintci grafts and cancellous bone m 
each and ulnar fragme its held b> wire Immobilized in a plaster encasement for ten 
w eeks 


had been grafted (Fig 8) This in spite of the fact that spicules of bone 
had been curled up fioiii both margins of the defect to hasten the filling 
in my bone of the defect created lemoval of the graft 

Notw'ithstanding the fact that the use of a bone graft increases the 
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giavity of the opeiation it will be found that a graft is indicated in 
most instances uheie inoie than thiee months have elapsed since the 
injury The piincipal exceptions aie fiactures suitable foi step-cut opeiations 
or multiple drilling 

Souice and Type of Giaft— If it is not feasible to lemove the graft 
hom the broken bone adjacent to the field of opeiation, it must be lemoved 
from some othei bone The tibia is usually chosen because it piesents a 
large flat subcutaneous suiface fioin which the graft can be cut with a 


Fig s 



Tic 5 — Left Nonunion of humerus ifter three opentions The ndnl nerve wns then sutured 
and a step cut operation was performed b> the author, but still the hone did not unite Right Same 
after an intramedullari graft and uire loop with splinter grafts and cancellous bone Union was 
quite firm after eight weeks in a “hanging cast ” 

^ — I'ailure of an autogenous intrameduUarj peg for nonunion of the humerus, the remains 
of nhicli can be seen in the marrow canal A wire loop might have made the oiffereiice betneen 
union and failure 


motor saw with relative ease If only cancellous bone is needed this is best 
removed from the ilium In unusual instances wheie an extensive defect is 
to be bridged, as much of the shaft of the fibula as desiied may be excised 
without causing serious disability in the leg 

In deciding upon the type of graft to be used m a given case, the 
functions which the graft is to perfoim must be considered Compact 
bone IS strong and also has considei able osteogenic properties Consequently, 
It IS the type of bone most frequently used, and this is especially true where 
It IS desirable that the graft provide some internal fixation Cancellous 
bone, bone chips and slivers and osteoperiosteal grafts have more osteogenic 
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powei, but offei little in the way of fixation They are most useful in 
operations foi aithiodesis and in filling defects oi in combination with some 
form of internal fixation (plates, sciews or wires, or as adjuncts to cortical 
hone giafts) 

It having been decided that a bone graft is indicated, the surgeon must 
decide what type of giaft will most satisfactorily solve the problems 
piesented by the particular fractuie to he opeiated upon If the graft is 
to fuinish internal fixation it should he of cortical hone and may be of the 
massive onlay type of CamphelP or Hendeison,^ the inlay or the wedge 
giaft of Albee," the medullai}' inlaj' of Buchanan‘S the double onlay of 
Boyd,"’ the mtramedullai}' graft of Ryerson,^’’ oi the massive sliding giaft 
of Gill All of these ai e useful m hi idgmg defects m the hone 

If internal fixation is not to be furnished by the graft, one may use 
the splint giaft of Phemister ® the multiple barrel stave grafts of Steel, s’ 
the cancellous bone grafts from the ilium of Abbott, the osteoperiosteal 
giafts of Olhei oi small shveis of cortical bone oi bone chips and fragments 
of cancellous bone and endosteal bone placed aiound the line of the fractuie 
and between the ends of the fiagments This group is especiall)" useful 
when combined with internal fixation by noncoiiosive metal plates, wire 
01 sciews, and m instances vhere metal is to be avoided because of recent 
infection oi infection piesent at the tune of the operation They are also 
useful adjuncts to multiple dulling opeiations 

Technic — In the usual case of nonunion of a large bone of several 
months duiation with scleiosis of the bone ends and a pseudaithros's or 
flexible fibious union, I prefei the massive onlaj graft of Campbell or 
Henderson, but use the entire cortex of the bone, do not prepaie a flat bed, 
and fix the giaft with metal sciews (Key^^) In preparing the site for 
the graft the ends of the fiagments aie exposed subperiosteally and the dense 
fibious tissue around and between the fragments and the adjacent scleiotic 
bone IS excised The marrow canal of each fragment is opened by removal 
of the plug of eburnated bone which occludes it The fragments aie then 
remodeled and placed in a satisfactory position and if possible an end-to-end 
apposition IS obtained 

It IS often Stated that as little periosteum as possible should be removed 
from the ends of the fragments, but I have exposed the ends rathei generously 
and have not seen that it did anj'^ haim as fairly prompt union has alvaj^s 
followed this operation With the exception of congenital fractures my 
failures have occurred m patients m whom I have used some other operation 
In some instances the fellow bone of the leg or forearm is cut obliquely and 
shortened or a cioss section is removed in older to reduce or eliminate 
the space between the ends of the fragments 

The site of the graft, usually the anteiomesial surface of the tibia of the 
opposite leg, is exposed subperiosteally and the graft is excised with a motor 
saw Before cutting the graft the holes aie drilled foi the screws These 
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are slio-litly larger than the metal scieA\s in oidei that the giaft may be 
screwed tightly against the bone Then, the giaft is fiimly fixed to one 
fraoment ^Mth two oi thiee metal scieiAs and the othei fiagment is then 
placed in position and the giaft also fixed to it A senes of small di ill- 
holes are then made neai the end of each fiagment (multiple dulling) and 



Tig 7 


Fig 8 




Fig 7 — Same eight weeks after onl la graft, plus cancellous hone and splinter grafts and dulling 
and opening of the marrow canal Had been inimobili/'cd in a ‘hanging cast” Tjnion was firm 
Fig 8 — Old nonunion of the tibia with loss of substance The leg \\ is shortened about one 
half inch b> sliding the fibula up, ind the fragments were, fiacd with an onlaa graft and drilled and 
the remaining defect filled with cancellous bone and bone splinters and chips Immobilized m a 
plaster encasement for three months, until union was firm In the meantime the patient fractured 
the other leg (Fig 3) 


several small pieces of the cancellous bone fiom the pioximal end of the 
tibia are scooped out with a large curette oi gouge and aie pressed down 
against the fracture line Also, two oi nioie small slivers of bone aie cut 
from the margin of the defect fiom wdiich the giaft was taken and aie 
placed across the fracture line on the side of the bone opposite the graft 
If there is a space betw^een the ends of the fiagments, this is packed wnth 
cancellous bone and bone chips Slivei s of bone are then curled up fi om the 
side of the graft defect in the tibia and the wmunds aie closed and the ex- 
tremity IS immobilized in a plastei encasement (Figs 7 8 and 10) 

The onlay giaft is then a bone plate of heavy coitical bone In recent 
yeais I have sometimes leinfoiced the giaft with an oblique sciewq as 
used by Darrach and Murray in then bone-plating operations in order to 
mciease the rigidity of the fixation (Fig ii) This opeiation has certain 
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Fig 9 — Old nonunion nfter open reduction and winns 

I IG 10 — Same after onlay graft, multiple drilling and accessory bone to fill the dead space beneath 
the graft The wires weie not e\posed Immobilized in a plaster cncaSLiiient for ten weeks Aftei 
union was firm a sinus developed on the mesial side over the wire This and the sciews were rc 
moved and there has been no further trouble 
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disadvantages and limitations Due to the consideiable amount of metal left 
111 the wound it should not be used m infected or lecently infected bone if 
some othei type of giaft ofters a fan chance of success I have recently 
lemoved the sciews fiom a Buchanan-type of giaft done about three years 
ago This was an old infected compound comminuted fractme and the 
giaft was laid in the medtillaiy canal of the distal fiagment because much 
of the cortex was lost Over two )ears latei a lon-giade infection developed 
around one of the stainless steel sciews As it inci eases the thickness of the 
bone by the size of the giaft it should not be used m subcutaneous aieas, and 
IS rarel} used in the forearm It is piefeiably used on sui faces w^ell covered 
by muscle Due to the fact that at least two sciew^s should be placed in 
each fragment it is not suitable if one fiagment is quite shoit as it may 
interfere wnth the movement of the joint 

In spite of the objections mentioned above, I considei the onlay giaft, 
as described above, as the standaid opeiation foi nonunion of long bones 
In my hands the inlay graft has not fui iiished vei y seem e fixation and it has 
been reseived for subcutaneous aieas, such as the malleoli and the distal 
third of the leg and forearm 

During the past yeai, oi longei, w’'e have been expeiimentmg with the 
massive onlay graft placed posteiior to the tibia, wnthout inteinal fixation 
The operation is attractive because of its simplicity It is suitable only 
m instances where the fragments aie m satisfactoiy position and fixed bv 
fibrous tissue, that is, cases wfiieie multiple dulling might result in union, 
but where a little extra stimulus to osteogenesis is desiied An incision 
IS made along the posteromesial border of the tibia and, wnth a shaip osteotome 
thin sliveis of bone and the periosteum aie elevated from the posteiioi suiface 
of the bone at the line of the fractme and a short distance on eithei side 
This provides a flat bed of raw^ bone foi the graft wnth peiiosteum and 
some bone over it Then, a relatively wade, short full-thickness giaft is 
lemoved from the pioxiinal third of the anteromesial surface of the same oi 
the opposite tibia The fat is waped fiom the endosteal surface and wath 
this surface next to the tibia one end of the graft is driven upw^aid and 
inw^ard behind the tibia The low'^ei end of the graft is then pushed in 
and driven home with a nail set Seveial holes aie drilled acioss the 
fracture line and bits of cancellous bone aie pressed in around the fiacture 
line and the w'ound is closed (Figs 14, 15 and 17) We have called this 
the Phemister graft because it is similar to the method described by him 

a few yeais ago Phemistei^^ used it in all long bones and even in bones 
wdiich w^eie infected 

We have also used multiple thin giafts of coitical bone placed acioss the 
fractme line aiound the bone (the bairel stave grafts of Steel), but wheie 
we have used these w^e have also used a bone plate foi internal fixation (Fies 
18 and 19) and haie on one occasion used the thm coitical bone graft lieneath 
a nonconosive plate as advocated by McBiide^** 
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The above operations all lesulted in union in the cases in which they 
weie used, and it is possible that the more foimidable onlay giaft fixed 
by metal screws has been used in cases in which a simpler procedure would 
have been successful On the other hand, when operating foi nonunion it is 
advisable to do a little moie, lathei than a little less, than will be necessary 

to secuie the desiied lesult because 
the patient has already had an un- 
usually long period of disability fol- 
lowing his injury 

In nonunion of fiactures of both 
bones of the foreaim and othei small 
bones and in fractiiies neai the ends 
of long bones and of the olecranon, 
the intiamedullaiy autogenous bone 
peg IS the opeiation of choice, even 
thougli It IS condemned by many sui- 
geons \ round hole ( ^'4 of an inth 
for the laduis oi ulna) is dulled into 
the maiiow' canal of each fiagment 
and a square peg of appio\imatel\ 
the same diametei is cut fiom the 
tibia and di iven tiglitly into one frag- 
ment and then forced by pressure 
into the other fiagment Then a 
small hole is drilled through eacli 
fiagment (not thiough the peg) and 
a loop of stainless steel vire is 
twisted tightly to pull and hold the fragments togethei The failure to 
use this ware is one cause of failuie in this type of giaft Finally some 
slivers of bone and bits of cancellous bone are placed aiound the fiactuit- 
bne (Figs 4 and 5) 

I have not used the Albee wedge giaft, but have used a massive graft 
wnth 1 educed square ends to fit in lound holes to span relatively laige 
defects This is leally a modified medullary peg Likewise, I have had 
no expel lence wnth the method of Gill, wdio splits off a massive graft to 
include about half of the thickness of one fiagment and slides it dowm to 
bridge the defect and fixes it to the ends of each fragment with metal screw^s 

Osteoperiosteal grafts, slivei grafts, bone chips and cancellous bone are 
useful mainly to fill defects and to stimulate osteogenesis at the site of non- 
union wdneh is budged by some othei type of giaft 01 a metal plate I 
believe that more expeiience wall increase the use of Abbott’s iliac grafts 
combined wnth bone plates 

After any of the above opeiatioiis the wound is spiinkled wnth sulfona- 
mide pow'der and closed wnthout drainage The suture line is sprinkled 

676 



Tig II — Nonunion of the femur treVed by 
an onIa\ gnft with multiple drilling and ae 
cessori bone and a long oblique strew it right 
angles to gi\e iigid fixation Immobilized in a 
plaster spica for three months 
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with sulfonamide powder and the hmh is immobilized in a plaster encase- 
ment applied ovei a thin diessmg and veiy little padding This encasement 

IS not intended to allow walking, and 
It IS left on until sufificient time has 
elapsed foi the development of fairl}' 
him union (eight to twelve \veeks) 
The wound is not inspected nor aie 
the skin suluies removed until tlie 
encasement is removed Earl}'^ change 
of jdastei or the cutting of a window 
in the plaster may result in angula- 
tion of the fragments or even frac- 
tuie of the graft or loss of position 
and weight-bearing may disturb im- 
mobilization The patient usually 
leaves the hospital a few days or a 
week aftei the operation and wdien 
he returns the encasement and sutures 
aie lemoved, roentgenogiams aie 
taken and tlie stability is tested and, 
if necessaiy, a new^ encasement is 
applied foi four wrecks or moie, but 
this IS larel} necessar} 

CONCLUSIONS 

I With the added insurance 
against infection piovided by the 
local use of sulfonamide powder in 
the wounds, operations for the coi- 
rection of delayed and nonunion of fractuies should be performed earlier 
than in the past 

2 The surgeon should choose an opeiation wdnch he is able to peiform 
satisfactorily and which can be expected to lesult in union of the frag- 
ments in good position 

3 The simpler proceduies are less apt to be follow^ed by postoperative 
complications than are the moie difficult operations, but they wull not 
solve the more difficult problems 

4 A relatively simple opeiation, if undertaken early, may save the 
patient time, avoid a difficult late operation, and result m a better limb 



Tig i6 — Old nonunion of tibia 
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THYROGARDIAC DISEASE-* 

A KEVIEW OF 614 CASES 

Frank H Lahey, AI D , Lewis AI Hurxthal, M D , 

AND 

Robert E, Driscoll, M D 

THE LAHC\ CLINIC 

Bosaox, M\&s 

In the last twcniy-iive years the advances in the singical treatment of 
the thyrocauhac and the results of suigeiy m the patient with liyperthyroidism 
limited cardiac leseive ha\e been sti iking and gratifying These advances 
fall naturally into five definite peiiods 

In the fiist penod, appi oximatel} twenty-hve years ago, many cases of 
hyperthyroidism with caidiac failure \\eie not even diagnosed Many times 
the physician failed to appreciate that the caidiac failure resulted from the 
associated hyperthyroidism Alost patients with a diagnosis of thyroid 
disease and associated cardiac failure were i ejected as hopelessly inoperable, 
because the mortality was almost piohibitive 

The second penod stai ted a little over t\\ eniy yeai s ago u hen Hamilton,^ 
who was then associated with the Lahey Clinic, published his first papei on 
heart failuie and lij’-pei thyroidism In 1924, Hamilton and one of us 
(F H L described the diagnostic difficulties and suigical treatment of 
these patients and applied to them the term thyrocaidiac In this pioneei 
era in the management of patients with caidiac decompensation associated 
with hyperthyroidism, it uas demonstrated that these patients could endure 
subtotal thyroidectomy with a reasonable moitality and that subsequently 
an extraordmai y degiee of activity and cardiac capacity were lestored and 
letained 

The third period, m which iodine nas popularized by Dr H S Plummei, 
of the Mayo Clinic, was a most impoitant one in the surgical treatment of 
hypeithyroidism, since it contributed so materially to reduction of opeiative 
moi tality 

The fourth penod, which may be descnbed as the total ablation period, 
was advocated by Blumgart, Levine and Berlin This method has been dis- 
caided here and largely elsewdiere The reasons are obvious after a careful 
study of Figure i, wdiich show’^s the relation of the circulation rate to cardiac 
damage and metabolic rate, and the anticipated results in patients with decom- 
pensation without the promoting and removable factor of hyperthyroidism 

The fifth, and present, penod is characterized by a much better under- 
standing of what causes decompensation in a patient wuth hyperthyroidism 
(Fig i) w'by the patient is so diamatically benefited by subtotal thyroidec- 
tomy, and why the benefits of subtotal and total th) roidectoniy m a patient 

* Read before tlie American Surgical Association, Maj 13-14, 1943, Cincinnati, Ohio 
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with decomiiensation but \Mthoiit hypei tli3aoidism aie so tiansitoiy This 
peiiod IS cliaiacten/ed, fuithci liy an impioved iindci standini,'' of oxygen 
needs, preoperative prepaiation, .inesthesui seletlion, postopeiative caie, and 
less importantly, vitamins In spite of these advances the mortality con- 
tinues to be high and, we believe, could be loweied 

In the sixth, and futuie peiiod, we hope that the diagnosis uill be made 
m the earlj stages of decompensation and that sutgerj will lie undei taken 
liefoie decompensation and auiicular fibnllation have existed ovei a long pe- 
riod of time In this anticipated peiiod, we liope the internist will realize that 
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Fig I — Relationship of circulation rate to metabolic rate in vinous tjpes of tlnroid disease iiid 

hjpometibolism 


cardiac decompensation is found much moie fieqiiently in patients wnth toxic 
adenoma than in patients wnth i^rimaiy hypeith) loidism We hope the 
internist will appreciate that wdiile young peisons wnth toxic adenomata, and 
some limitation of cardiac leserve, frequently fail to show' caidiac decom- 
pensation, persons past 50 years of age, w ith the effects of age effort and dis- 
ease upon the heait, tend much moie fiequently to show' decompensation 
Such IS the association of cardiac decompensation w'lth toxic adenoma that m 
this future era the removal of mildly toxic adenomatous goiteis m patients 
over 50 years of age might reasonably be suggested as a prophylaxis against 
later cardiac decompensation We believe that in the presence of auiiculai 
fibrillation with hyperthyroidism, immediate surgery is justifiable, in spite 
of the fact that auricular fibrillation may produce few symptoms When one 
realizes that auricular fibrillation and hyperthyroidism are the two most 
important factors in producing decompensation that subtotal thyroidectomy 
will eliminate hyperthyroidism almost at once and w ill restore normal 1 hythm 
m 72 per cent of cases, the prophylactic benefit of prompt suigeiy w'lth the 
onset of auricular fibrillation is evident 
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WHAT IS A THYROCARDIAC 

The teim thyiocaidiac has a hniited meaning and does not include patients 
with hyperthyroidism and simple heait disease Even though the oiierative 
risk may be above average, such a patient is not labelled as a thyiocardiac 
In our eaily reports- we realized the necessity of defining the teim thyro- 
cardiac, fiist, to avoid misundei standing as to the type of case, and, sec- 
ondly, to include only those cases in which the heart complications seemed 
definitely attiibutable to the ovei active thyroid 

In the great majoiity of thyiotoxic patients, aiiiiciilai fibrillation is a 
manifestation of hypeithyioidism Congestive heait failure lesults from ex- 
cessive thyioid drive on the heart m most instances with auricular fibrillation 
i)ut in some instances with regular heait rhythm The most conclusive leasons 
loi this deduction are that following subtotal thyi oidectomy aiiiiciilar fibi illa- 
tion usually cleais spontaneously and that lecunent congestive heait failiiie 
following subtotal thyroidectomy is exceedingly raie without lecurrence of 
h3'-perthyroidism or seveie heait disease um elated to hypeithyioidism Thus, 
a thyiocardiac has a condition piecipitated by hyperthyioidism and leheved 
by cuie of the hyperthyioidism 

We wish to emphasize that a tiue thyrocaidiac has clinical hypeithy- 
ioidism This does not mean only an elevated metabolic late, which may occiii 
in congestive heart failure without hypeithyioidism, nor does it mean a laige 
nontoxic goiter, auricular fibi illation oi congestive heait failure lesulting 
from other heart disease without clinical hypeithyioidism A true thyio- 
cardiac has well-1 ecognized hyperthyroidism, as may be deduced fiom the 
history and from the general physical findings A true th) rocardiac, with few 
exceptions, has an elevated basal metabolic late 

A cardiac patient, even one nith congestive heart failure, who is opeiated 
upon for nontoxic oi questionably toxic goiter, apparently may be benefited 
foi a limited time Generallv speaking, if the evidence of hyperthyroidism m a 
cardiac patient is minimal or questionable, so then is his likelihood of perma- 
nent help and sustained restoration of compensation by subtotal thyroidectomy 
The enforced rest, the preoperative caidiac care, and the careful postopeiative 
legimen aie largely responsible for the unpiovement following removal of a 
nontoxic goiter unless the combination of heart disease and a compiessed 
trachea is piesent In addition, the fiequent production of postoperative 
thyroid deficiency or myxedema, as u as demonstrated m total ablation, lessens 
the load on the heart only tempoiaiily Thus, we have not seen permanent 
lehef from subtotal thyroidectoinj in patients with goiter and heait disease 
without hyperthyioidism and do not recognize such an entity as caidio- 
toxic goiter, as described by Schmidt and Heitzlei ^ 

Heart failure in hyperthyroidism is a manifestation of inability of this 
organ to meet the abnormal demands of an increased metabolism Heart 
failure without hyperthyroidism is a manifestation of inability of this organ 
to meet the usual demands of a normal rate of metabolism (Fig i) Thus, 
the cessation of the abnoimal demands of hypermetabolism relieves the unusual 
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stiain on the heart, so that when noinial conditions return, the heait is capable 
of cai lying on without difficulty 

In hi lef suininai i/ation 

1 No conclusive evidence exists that hypeithyi oidisin ddinages the heait 
although It may pioduce physiologic exhaustion 

2 Auiicular fibi illation in hyperthyi oidism is not in itself evidence of 
structural damage 

3 Gioss cardiac hypei trophy fiom hypei thyroidism larely occuis without 
coincident cardiovascular disease 

4 The large heart shadow in some thyrocaidiac patients is the result of 
dilatation fiom congestne heart failure and leturn to noimal size may be 
expected in the majority of patients'* 

TREATMENT 

Pi copei atwe — The preopei ative treatment of the thyrocardiac patient in- 
volves two principles 

1 Reduction of the level of metabolism, and thus the work of the heart 
by (a) rest m bed, (b) adminstration of Lugol’s solution, and (c) sedation 
as needed 

2 Increase in the efficiency of the heart by (a) digitalization if auricular 
fibrillation is present, (b) removal of the embai rassment of circulation caused 
by edema, ascites oi pleural effusion through the use of salt restriction but not 
the restriction of fluid, by the use of diuretics, or by paracentesis, (c) vene- 
section and oxj'gen in rare cases, and (d) an abundant supply of fuel in the 
form of various carbohydiates, and an adequate nutritional diet including 
the necessary vitamin factors 

Thyrocardiac patients also require longer preoperative preparation than 
the ordinary patient wnth hyperthyroidism Surgery should not be under- 
taken too soon, even though some patients may die unoperated Geneially 
speaking, at least two to three wrecks of preoperative treatment are advisable 

Opel ative — Because the condition of the thyrocardiac is frequently so 
desperate and the results of surgery are so dramatic, we assume that no doubt 
exists, particulaily m the minds of those familiar wnth these cases, that sub- 
total thyroidectomy is the best and practically the only tieatment The pro- 
cedure must be a radical subtotal thyroidectomy to avoid a persisting or recur- 
iing hyperthyroidism Unlike the patient wnth hj^perthyroidism only, often 
the patient has failed to retain compensation in spite of all attempts to limit 
the hyperthyi oidism, short of surgery, and to increase cardiac capacity 
Thyroidectomy in the dangerously ill thyrocardiac has a high mortality and 
consequently must be performed with the aim of preventing even minimal 
complications 

The patient must be protected against hemorrhage During the operation 
this complication interferes with technical accuracy, prolongs the operation, 
produces shock and piomotes anoxemia b}'- depleting the oxygen-beaiing blood 
cells Postoperatn ely, this complication involves the hazards of a second 
operative procedure soon after the first and during a period of reaction 
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Tetany has not occuired in any patient in tins series, and obviously would 
be a most undesiiable postopeiative complication 

As we have already said, perhaps one of the most undesirable complica" 
tions IS the inadequate removal of thyroid tissue, resulting m persistent 
hyperthyroidism or recurrent hyperthyroidism with the danger of recuiience, 
decompensation and secondary opeiation 

To avoid operative and postoperative complications, the suigeon should 
obtain adequate exposure without reference to the length of the incision He 
should keep in mind the ease with which the opeiation can be pei formed, and 
the certainty with which complication can be avoided, and to this purpose, the 
incision in the skin should be wide, the muscles should be cut, and the lobes 
should be completely mobilized fiom their beds Since as ladical lemoval as 

Table I 


POSTOPERATIVE MORT\LIT\ 


Year 

Number 

Percentage 

Group 

Operated 

Mortality 

1922-1931 inclusive 

303 

4 3 

1932-1936 inclusive 

170 

7 O'- 

1937-1941 

141 

11 3 

1922-1941 

614 

6 6 


*Erroneousl> reported as 4 7 per cent of 136 operated cases®, actually 7 per cent of 140, opera tedYases 

possible is desirable, the superior and inferior thyroid aiteries on both sides 
should be tied as a preliminary measure With wide exposure of the thyroid 
and a dry field, with accurate demonstration of the nerves, parathyi oid glands 
and the entire thyroid gland, total thyroidectomy can be undertaken expedi- 
tiously and with almost complete avoidance of technical difficulties 

While a one-stage subtotal thyroidectomy is desirable in thyrocardiac 
patients for quick and complete removal of the cause of the decompensation, 
occasionally because the patient is dangerously ill, a compromise must be made 
The cooperative judgment of a surgeon, anesthetist and internist experi- 
enced in thyroid disease are of the utmost value Certain patients will require 
one-stage, two-stage and occasionally three-stage procedures in order to main- 
tain the mortality rate within limits which are even now undesirably high 
(Tables I, 11 and III) 

Anesthesia An operation upon a thyiocardiac must involve as few 
operative and postoperatn^e anesthetic complications as possible The oxygen 
lequirements of the patient with hyperthyroidism dining anesthesia are well 
above those of normal persons, and the maintenance of an adequate supply of 
oxygen is important In reviewing oui thyroid expeiiences before emploj-ing 
endotracheal anesthesia to insure unobstructed airways, we were impressed 
in the thyrocardiac particular!)'- with the fact that prolonged lar3ngeal spasm 
01 the accumulation of mucus dm mg the recover)^ period resulted in prolonged 
mid dangerous anoxemia and may have pla}ed a role in resulting fatalities 
n otracheal anesthesia, as we frequently have observed, is one of the most 
important conti ibutions to thjuoid surger) especially m the thyrocardiac 
nother important contribution is the aspiration of all mucus fiom the 
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Tadlc II 

NATUui: or rosTOPCRATivr dpaths 

After subtotal tbyroidcctomj 
■ Storm 

Age 34 41 

After pole ligation only 
‘ Storm 

Age 56 67 

After elevation of skin flap only, died on table 
Previous cerebral embolus 
Age 50 

Gallop rh> thm histori of coronary attack diabetic 
Age 70 

After hemithyroidectomy preceded bj pole ligation four weeks preiiouslv 
‘Storm 
Age 69 

After second heraitUv roidectomy preceded by two pole ligations and bcmitbvroidcctomj four tosi\ weeks 


previously 

Storm 

Age 78 > 

After Iiemitliyroidectomy 
Pulmonary embolism 

Age 58 1 

Cerebral and peripheral emboli 

Age 62 1 

Probable cerebral embolus 

Age 64 f 

■ Storm 

Age 40 57 63 63 70 5 

Total 16 


Table III 

Ttpr or operation and PosxoprRtTitE nr tins 
Operation''^ 


Number 

Tj pe 

Percentage 

De itlis 

56 

One-stage 

40 

3 

63 

Two-stage 

44 

8 

20 

Three-stage 

15 

4 

2 

Four-stage 

1 

1 


‘'■Type of operation planned and carried out unless death 
occurred before all procedures were performed 


tiachea just befoie removal of the intrati acheal catheter, thus, often pievent- 
ing tracheal obstruction and resulting anoxemia it Inch occurs during recoven' 
fiom anesthesia before the patient regains the ability to eject spontaneously 
the accumulated mucus in his bronchi 

No factor is more impoitant m operative mortality m the thjrocardiac 
than the selection of the pioper anesthetic agent In the period before the 
present one, we enthusiastically advocated the use of cyclopiopane paitic- 
ularly because of the high percentage of oxygen m a cyclopropane mixture 
Hon ever, ne have had thiee opeiative deaths m thyiocaidiacs from piobable 
ventricular fibi illation promoted by cyclopropane One of these deaths was 
literally heard in the stethoscope while the anesthetist w'as taking the blood 
pressuie, that is, sudden and complete cessation of all pulse sounds We now' 
employ cyclopiopane m thyroid patients and particularly thyrocardiacs onh 
as an induction agent and then only in niixtuies not exceeding ten pei cent 
Ethylene, w'lthout the tendency to pioduce cardiac irregulai ities is a satisfac- 
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toiy induction cigcnt foi the thyi octii diac As a icsult of these expencnces 
with ethylene and cyclopi opane, and following the published' laboratoiy data 
on the eftect of c}clopi opane upon the epinephime sensitized heait, cyclopi o- 
pane has noiv been laigely abandoned in favoi of ethylene supplemented with 
ethei We now lealize that in giving cyclopropane to a tbyrocaidiac we w^eie 
siipei imposing anothei cardiac mitant upon a heait muscle aheady suffering 
from a caidiac irritant — thyioxm 

The physician is apt to think that the tbyrocaidiac, often having had 
associated ascites, edema, oithopnea and caidiac irregularities, is too ill foi 
inhalation anesthesia Because of this and because the patient is aw'^ake and 
IS not inhaling an anesthetic agent he easily can be misled into believing 
that local anesthesia is safei However with a piopei inhalation anesthetic 
and an inti ati acheal calhetei m place the patient may often be bieathing 
a nchei mixtuie of ox\gen than when undei local anesthesia 

The twm most advantageous features of an inhalation anesthetic are ( i ) the 
employment of an inti atracheal tube or ainva)'’ thus supplying an adequate and 
constant supply of ox}gen, and (2) the production of definite lelaxation wnth 
a good suppi}'' of oxygen and as little iiritation to the heait muscle as 
possible 

For the thyroid patient, and specifically foi the tbyrocaidiac, local 
anesthesia has not only no advantages but many disadvantages The disad- 
vantage foi the patient is the cieation of undesirable emotional and psychic 
states, and the disadvantages for the surgeon are that it fails to permit ade- 
quate exposuie, a dry field and a clean-cut anatomic dissection In addition, 
a longer peiiod of time is necessan^ to perform the operation 

Aveitm, wdnle atti active from both the patient’s and suigeon's point of 
viewf in peimitting transpoitation of the patient to and from the operating 
loom wdnle asleep, is an undesiiable anesthetic agent for the patient with 
hyperthyroidism and particularly for the thyiocaidiac It is followed b)'’ a 
long peiiod of postoperative depression, with accumulation of bionchial secie- 

tion, and sometimes with the undesirable complication of an inadequate supply 
of oxygen 

After a number of yeais of combined eftort by the surgeon, anesthetist 
and cardiologist, w^e have concluded that ether is the safest and most satis- 
factoiy anesthetic agent for the thyiocaidiac This is a radical change of 
view'pomt from some of our previously expressed opinions, and certain 
qualifications concerning the use of ether aie necessai}'' We are strongly 
opposed to ether as an induction agent, since it promotes psychic stimulation 
agitation and struggling, and requiies a long time The safest anesthetic 
procedure for the thyrocardiac is to give i 5 giains of pentobarbital sodium 
tie night befoie opeiation and % giain of morphine and 1/150 gram of 
scopolamine one and one-half houis befoie opeiation, followed by i 5 grains 

o pentobarbital sodium one hour before opeiation and then induce anesthesia 
witii ellnlene and continue with ether 

Postopeiatwc ^All patients with Inpeithyroidism with 01 without cai- 
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diac damage, aie placed in oxygen tents postopeiatively to facilitate bieathing, 
and paiticularly m thyiocardiacs to lighten the load upon the heart Saklad® 
called attention recently to the necessity of tents that do not leak, and the fre- 
quent testing of content to be ceitain that the oxygen percentage is being 
maintained at the desiied level As he pointed out, because of lack of super- 
vision many patients undoubtedly nevei receive an adequate peicentage- 
mixture of oxygen 

Thyiocaidiacs, as well as all othei patients opeiated upon for hyper- 
thyroidism, receive an intiavenous glucose solution postoperatively One 
must be careful, however, lest caidiac emhai lassment results fiom too 
enthusiastic employment of this useful measuie Intiavenous glucose in five 

T\BLr IV 

PERCENTAGE OE \URICUL\U rinRHEXTION 1 I RSISTINC TO 


DATE IN OIfR\TEI) I \TIENTS 


Year Group 


Percentage 

1922-1931 indusne 


27 

1932-1936 indusue 


28 

1937-1941 indusive 


26 


Persistent 

Percentage 

Normal 

AuricuHr 

\uncular 

Rhj tUm 

ribnllation 

Pibnllation 

222 

84 

27 


per cent solution may be gn en in quantities not exceeding 2 000 cc in 24 
hours With the increase 111 metabolism following opeiation the hod} can 
easily handle this quantity in addition to that taken by mouth The cardiac 
burden will not be inci eased if the solution is given slowh, at least two 
hours being taken for the intioduction of each liter of fluid 

Iodine IS adininisteied in intiavenous solution at the late of 30 minims 
in 24 hours Morphine in liberal amounts to 1 educe restlessness is desirable, 
but care must be taken not to oveido the use of this valuable drugr thus com- 
pletely suppressing the cough reflex and inducing the extiemely dangerous 
postoperative complication of pneumonia 

For tw^o or thiee days postoperatively the patient accumulates a good deal 
of mucus as a lesult of secondary tiacheitis, and is in constant dangei of 
partial or complete unilateial atelectasis The mucus should he aspirated 
from the trachea with a lubbei catheter w'hen atelectasis has not taken plac' 
and bronchoscopy should be undertaken piomptly, under local anesthesia, 
when partial or complete unilateial atelectasis has occuired We have seen 
dramatic lesults follow suction bionchoscopy in thyiocardiacs with atelectasis 
following the removal of mucus from the hionchi and aeration of the atelectatic 
area 

Pi eoperahve and Postopei ahve Qiamdinc Tlieiapy — Qumidme should not 
be employed in thyrocai diacs until after the completion of all operative pro- 
cedures If it IS used pieopeiatively to stop auricular fibrillation the irreg- 
ularity almost certainly will return postopeiatively 

While the majority of patients with auricular fibrillation have a return of 
normal cardiac rhythm within the first few months after operation, it can be 
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restored moie qinckl) by the use of this diug if given a week oi so after 
the final operative proceduie We have not employed qiunidine sulfate as 
much duiing the last five years as foimerly, yet the percentage of persistent 
auricular fibi illation has remained fairly constant (Table IV) This would 
suggest that while quimdme postoperatively promptly restores normal ihythm, 
m most instances noimal rhythm would have occurred spontaneously latei 
On the basis of this expeiience, the value of quimdme sulfate for the 
thyrocardiac can be questioned Since the drug is toxic, and must be given 
wnth caution, w^e doubt wdiether its use is as advisable as w^e formerly be- 
lieved The fear of embolus followung its use is its chief diawTack, but, in 
oui expeiieiice, this has occurred but once 


Fig 



2 —Ratio of persistent auricular hbnllation to normal rh>thm in sur\iving patients operated upon 
between 1923 and 1931 Persistent auricular fibrillation does not increase death rate 


In spite of apparent subsequent embolic deaths in these cases, auricular 
fibrillation is probably no greater hazard than normal rhythm as far as life 
expectancy is concerned since death has occurred as fiequently in the gioup of 
patients wnth normal r]i)'thm as m those wnth auricular fibiillation (Fig 2) 


FOLLOW-UP STUDIES 

Another follow-up of all thyrocardiacs recently was completed (Table V) 
This study w'as chiefly by questionnaire, many of which w^ere completed by 

the patients physician Evaluation of the present results w^as established 
as follow^s 

orade i Patients able to carry on normal actnities commensurate with 
individual age, wnth no myxedema, legular heait ibythm and 
no recmrence of hypeithyioidism 

Grade 2 Patients still having auiicular fibrillation or postoperative 
ni3^xedema requiring thyroid, oi having had a recurrence of 
liypertliyroidism controlled by iodine, wdio carry on normal 
activities 

crrade 3 Patients incapacitated by any complication attributable to their 
tbyiocardiac condition such as hemiplegia from embolus, incapa- 
citating recurrence of hj'^perthjn oidism, or congestive heart 
failuie without h}perth3ioidism 
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Tabi L V 

IRrSI Nr STATUS or 611 OPCRATLD niYROCVRUI \cs< 
j<j22-iQtt Iticln^ive 



Percent igc 

Percentage 

Year Group 

Ali\ e 

Dead 

1922-1931 inclusive 

35 

32 

1932-1936 inclusive 

54 

24 

1937-1941 inclusive 

7 T 

18 

Known alu e 


306 

Grade 1 201 



Grade 2 100 



Grade 3 5 



Known dead 


165 

Untraced 


143 

Incidence of postoperative myxedema 


2 9% 

Incidence of diabetes 


3 6% 


''"At operation 60 per cent o\ cr 50 years of age 


We leahze that patients may not alwats Lnow wliethei the pulse is legiilai 
01 iiiegulai If auiiculai fibi illation -was shown hv the lecoicl to ha^e cMStccl 
a year or mote aftei opeiation, and the patient repoited inegulanty the con- 
dition was assumed to continue even w'hen the rhythm was noimal on last 
examination The patient wnth probable auricular fibrillation A\as graded 2 
Because of the improbability of a lecuiience of auricular fibrillation without 
lecurrence of hypei thyroidism, these patients weie asked to leturn for 
reexamination , howevei , only a few patients made such a 1 eport Thus, in 
lepoiting the presence of auricular fibrillation, we have erred on the side of 
a gi eater nuinbei having this iiregulaiity than not having it 

Table VI 

TinROCARDIAC CASES 

1037-1041 Inclusive 


Total number seen ll" 

Operated 141 

PostoperatiT e deaths 1 6 

Died no operation 4 

Refused operation 2 

Preoperative cardiac status in operated patients 

Congestive heart failure with regular rhjthm 10 

Congestive heart failure with auricular fibrillation 56 

Established auricular fibrillation without congestue heart failure 75 

Total 141 


A new group of thyrocai diacs, those patients operated upon from 1937 
to 1941 inclusive, is reported (Table VI) In this gioup of patients follow^ed 
fiom one to five yeais, the results are essentiall} the same as in the othei 
gioups follow^ed foi the same length of time 

SUMMARY 

The name thyrocardiac, applied by one of us (F H L -) to this condition 
m 1924. called attention to this inteiesting group of patients in whom early 
diagnosis and eaily subtotal thyroidectomy can accomplish such gratifying 
restoration of cardiac capacity and ph^rsical actnnty 

The present is the fifth period, so to speak in the tieatment of this con- 
dition A sixth period is hoped for, in w'hich earliei diagnosis and opeiation, 
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and even piopbylactic subtotal thyroidectonty for eaily toxic adenomata and 
early auricular fibnllation would give even better results 

The necessity in speaking of a thyiocardiac as one having indisputable 
hyperthyroidism is stressed The reason the true thyiocardiac peimaneiitly 
regains cardiac compensation after subtotal thyroidectomy and the false 
thyrocardiac does not, is discussed under the heading What Is a Thyro- 
cardiac 

The preoperative and operative management is discussed, as well as post- 
opeiative care and preoperative and postoperative employment of quinidine 
The results of our expeiience with vaiious types of anesthesia are dis- 
cussed, and a conclusion reached as to the best combination of narcotics and 
anesthetic agents for the thyrocardiac 

The end-1 esults in 614 cases, from 1923 to 1933, and fiom 1933 to 1943, 
aie piesented 
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Discussion — Dr Robert S Dinsmore (Cleveland) Doctor Lahey always 
presents material which is of prime clinical importance The question of auricular 
fibrillation is extremely important in this group of cases as a whole, and I am sure 
that the incidence is much higher than is generally supposed 

In an analysis of 1000 consecutive patients with hyperthyroidism in our seiies, 
Ernstene found that 207 per cent had auricular fibrillation in one of three forms 
t had occurred, first, as a paroxj’sm of fibrillation preoperatively , secondly, in the 
contmuous form, and, thirdly, postoperative!} , without evidence of congestive heat failure 
These figures vary slightly from Doctor Lahey’s because if one takes these cases as a 
\\ 10 e it IS found that in the 20 per cent, about half of them have either an associated 
arteriosclerosis, a hypertensive disease, or an organic heart lesion 

n spite of bed rest, LugoVs, digitalis, and sedatives, we find nine per cent of 
these patients fibniiate preoperatively, and 11 per cent postoperative!} I hare felt 
la us postoperatue incidence was too high, and if there rvere some criteria wherebv 
\}c could increase the number of patients rvho uere digitalized before the operation, 
us pos operatne incidence could be lowered The present criteria for the cardiologist 
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m administering digitalis are First that the patient have auricular fibrillation, oi second 
evidence of congestive heart failure In our cases, four per cent had congestive heart 
failure, nine per cent fibrillated before the operation, so at most 13 per cent were 
digitalized preoperatively 

The reason I have felt so stiongly about this is because I saw a large series of 
cases during 1921—22 on Doctor Crilc’s service at Lakeside Hospital, in which the banc 
of our existence was the incidence of postoperative auricular fibrillation and the casualties 
that went with it This was before the days of Lugol’s solution and Doctor Plummer’s 
advice about that, so we started a large series of cases in which we routinely digitalized, 
and we were amazed to find a very marked drop in the incidenee of postoperative auricular 
fibrillation 

Some believe a postoperative auricular fibrillation is not of much significance, but 
I think, as Doctor Lahey has emphasized, that it is a danger signal It is not only a 
danger signal from the two points he has mentioned — namelv, the possibility of con- 
gestive failure or the possibihtv of emboli — 'but also I have seen the onset of a post- 
operative auricular fibrillation be the initial sign in a long and stormj convalescence, 
particularly in the elderly patient who develops this arrluthmia, edema and bron- 
chitis, and occasionally bronchopneumonia In spite 01 1 hcinotherapv we still have 
occasional deaths in this group 

On the question of angina with regard to the th\ roid I thorouglilj agree v\ ith 
Doctor Lahey, with regard to total ablation and m our hands n has been absohitelv inef- 
fectual I have discarded the procedure as far as I can and I Iiavc no confidence whatso- 
ever m the operation I have thought the best result I had was ui a man who had had 
anginal symptoms I removed the thjroid He was verj much dated about the result 
because instead of being able to walk one block he was able to walk two blocks without 
pain However, a short time after that he died with a tvpical coronarv episode That is 
about our experience wnth these cases I am quite sure that Colonel Claude Beck has made 
a more rational suggestion m handling anginal cases than anj thing the thvTOid surgeon 
has to offer 

I also want to give a note of warning about the use of quinidmc We use it a little 
differently than Doctor Lahey does We have chosen the seventh postoperative dav 
foi Its use in the patient who has had continuous fibrillation We do this because it 
IS about the end of the hospital stav, and we like to give tliem the quimdine w'hile they 
are m the hospital 111 bed We start them on three grains four times a day, or 02 
Gm , and continue it until a normal rhythm is restored, and something ov^er half of 
these cases have reverted to a normal rhythm 

I want again to warn that the housemen, or whoever is responsible for the 
administration of the quinidme, know the four conti aindications for its use First of all, 
be sure that this patient has had no history of previous embolic accident , that the heart 
is not enlarged , that he has no associated organic heart disease , and, above all, that 
he has no idiosyncrasies for the diug ’ ’ 


I have had a little different experience with avertin than has Doctor Lahey I 
personally have used it over a ten-year period in thyroid work I agree with him 
that It has a full anesthetic effect, and that it is a bad anesthetic particularly m elderly 
patients, since they do get a marked cerebral depression , foi this reason I do not like 
It for these cases I have used it in conjunction with local anesthesia however and the 
ordinarj case receives from 65 to 70 mg pe. kilo of body weight These patients are 
really drowsj, but they can be aroused at any time, and in conjunction with local 
anesthesia it has been entirely satisfactory in my hands It is an ideal anesthetic for the 
verv young child, three, four or five rears of age, wuth a severe exophthalmic goiter 
Again I want to repeat, as Doctor Lahey has stated, that it ,s a great satisfaction 
and gratification to have one of these desperately ill patients with a congestive heart 
failure, following a slow, unhurried pieparation, have no postoperative cardiac complica- 
tions following th> roidectomy ^ 


Dr Frank H Lahey (Boston, closing) To avoid confusion in the results of treat- 
ment, It is important that we all have the same understanding of the term “thyrocardiac ” 
A patient with hyperthv roidism and a compensated cardiac lesion is not a thyrocardiac 

692 



Volume 118 
Xumbcr 4 


THYROCARDIAC DISEASE 


A patient without h\ pertlij i oidisni and with a large nontoxic goitei and a cardiac 
condition is not a thyrocardiac A tiue thyiocardiac is a patient wnth hyperthyroidism 
and icsulting caidiat failuie Tliat docs not mean even that a patient wnth an 
inci cased basal metabolism and an tnlaiged tlivioid gland wdio has caidiac decom- 
pensation IS a thyiotardiac 

Unfortunatch, we still ha\c to use oui senses in eltnieal and laboiatoiy diagnosis 
A patient, particularly with the hvpertensue tj'-pc of cardiac failuie, can have an inciease 
m metabolism up to +40 pei cent To establish the diagnosis that a patient is a 
divrocardiac, one needs clinical evidence of hj perthyroidism, an increase in basal 
metabolism as a result of hyperth} 1 oidism, and cardiac failure as a result of the 
circulation rate caused by the hyperthvroidism 

There are a few other things which I should like to mention Is theie such a 
condition as a true thjroid heart ^ There has ne\er been any convincing evidence, 
microscopic or otherwise, that In perthyroidism by its direct effect upon heart muscle 
produces damage Auricular fibrillation does produce a rhythm wdiich m the over- 
burdened heart of hyperthyroidism tends to produce failure, but concerning that I 
can only saj" that auricular fibrillation frequently is associated wnth hyperthyroidism 
and IS not, in itself, necessarilv evidence of heart damage from thyroid intoxication 

We repeatedly haAC stressed the importance of keeping this group of cases in mind 
to avoid overlooking them, particularly because the urgenev of the decompensation in 
the apathetic type of hypei tin roidism so often associated in the elderly with decom- 
pensation and h) perthyroidism, confuses the picture and makes the diagnosis difficult 
Diagnosis is important, as e\idenced bj' our end-result figures, because there is an 
excellent opportunity to restore these patients dramatically' to long-continued and 
useful activity 



SKIN REMOVAL IN RADICAL BREAST AMPUTATION"' 

J Stewart Rodman, M D 
Philadelphja, Pa 

Mosi of the debatable questions concerning cancer of the bieast have 
been answered b} carefully piepared statistics of postoperative lesults 
Nearly fifty years have elapsed since Halsted published his fiist papei. in 
1894, based on the first fifty cases opeiated by bis method from nbicb all 
modem opeiative pioceduies spiing Manj have contiibuted to it since 
then It IS not, tbeiefoie, the object of this papei to leempbasi/e facts 
geneially accepted 

Lewis and Rienhofl’s papei, published in the Annals or Surglry, m 
March, 1932, coveied in detail the statistical data of the results of the opeia- 
tive treatment of cancer of the breast at the Johns Hopkins Hospital from 
1889 to 1931 This paper was based on 950 cases, 750 of which were operated 
upon by 38 difterent surgeons Haagensen and Stout, m the Annals or 
Surgery for December, 1942, have added an excellent statistical study 
of 1040 cases obseived fiom 1915 to 1934, 640 of whom had radical mastec- 
tomies These operations were performed by 36 difterent surgeons at the 
Columbia Medical Center m New York City In these tw'O papei s pai- 
ticularly, those interested will find manv important problems discussed and 
answered by statistical data 

There are, how^ever, still a few' questions appaiently unsettled — one of 
these, the oldest of all in radical breast surgery, is the question of skin 
removal This question is important since it inevitably leads to the other 
pioblems still debatable — local recurrences and the necessity of skin giafting 
In a paper read before this Association last yeai, William C White, of New 
York, reported 238 cases opeiated upon b} him and other membeis of the 
Staff of the Roosevelt Hospital He expressed a pieference for the Handley 
technic, and gave the impression that wnde skin lemoval w'as secondari 
in importance to fascial removal In this group how'ever, there w ei e 22 6 
per cent of local skin recurrences, while in the larger gioup studies by Lewis 
and Rienhoft theie were 192 per cent local recurrences, and in the gioup 
studied by Haagensen and Stout, the statement is made that “the incidence of 

local recurrence in the operative field continues to be disti essingly high 

22 8 per cent of those surviving Aa'C years ” 

A special interest in this subject, now for the past 35 years in the 
first eight of winch I had the opportunity of assisting my father had led 
to certain firm convictions on these still debatable questions winch are 

First, that wide skin removal is important since, in our opinion, it must 
be the chief reason for local recurrences wlien insufficient skin is lemoved 
Second, that by combining wnde skm and fascial removal such recurrences 
can all but be eliminated 

Read before the American Surgical Association, Mav 13-14, 1943, Cincinnati, Ohio 
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Fig 3 — Entire bieast with overlying skin and underlying pectoral muscle'' v\iih 
axillary nodes and upper pectoral fascia on affected side rcmoied 1 ni'crin i tnt I 
skin earned over to nudsternal line in front and to edge of trapezius beliinrt 
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Third, that ^Mth a piopeil} planned procedure skin giafting is un- 

necessaiy except in the larest instances 

Fourth, that with such a proceduie tlie usefulness of the aim on the 

operated side should not be inipaiiecl 

Any operative method which should merit continued use must combine 
the steps in technic made necessary by the woik of those who have gnen 
sound reason for them We all accept as fundamental the woik of Halsted 
and Handle}, particularly If the piinciples hi ought out by these and otheis 
can be combined into one pioceduie and if such a pioccduie can sliow as 
large a percentage of cuies and eliminate ceitain undesirable secpielae it 
w'ould seem that it should merit continued use 

W L Rodman in 1908 first advocated a method of ladical breast 
amputation wdnch he believed w'ould meet these requirements I behe\e 
that the method has more nearly done so than the original Halsted 01 
Handley technics and that, theiefore it has deserved a gieatei usefulness 
than it apparently has had 

Some 65 yeais ago, the youngei Gioss (Samuel W ) was the first to 
show^ that wnde skin removal was the first important step that should be 
made a part of the technic of breast amputation At that time, D Ha}es 
Agnew then Professor of Suigerv at the Unnersity of Pennsyhania re^ 
marked toward the close of his surgical caieer that he “had removed a 
cartload of breasts and nevei cured a case Gioss claimed that lie was 
saving 95 per cent of his cases for three }eais 

They both w'ere amputating the breast onl} Agnew through the small 
elliptical incision, wdnch removed a very small amount of skin and Gross 
using his “dinner plate ’ incision, removed all of the skin overlying the 
breast itself, allownng Ins w'ounds to granulate It is interesting to see how 
each step added since then to the modern pioceduie resulted in definite 
improvement in results Gross, continuing bis interest added an axillaiv 
dissection or at least what he thought was one, by extending from the top 
of his incision, a straight one to the axilla The muscles were not removed 
and we know' that, anatomically, it w’as impossible foi him to have removed 
- any more than the low'erinost group of lymph nodes and fat at the base of 
The axilla Nevertheless, his three-year cuies w'ere more than doubled — 
21 5 per cent Sir Mitchell Banks, perfoiming the same operation, had the 
same results — 21 per cent Bull of New York, performed a moie thorough 
axillary dissection and had slightly bettei results — 26 6 per cent three-year 
cures In 1894 Halsted published his study of 50 cases, the first to be 
undertaken by the procedure w'hich became a classic and wdnch today is 

essentially the one most wndely follow'ed — at least in this country , 38 3 

per cent w’ere free from recurrence or knowm metastasis after three years 
In 1906 Handley published the first edition of his monograph on Cancel 
of the Breast In a 2nd edition, published m 1922, he states that of 31 cases 
operated upon by his method, 48 per cent survived the three-year limit 
In 1915, W L Rodman published the lesults of the first 50 cases operated 
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upon b} his method Of these, 72 pet cent weie well for thiee yeais and 24 
01 48 pet cent, foi five }ears 

This method h.is been full} desciihcd elscwvheie, and the details of the 
technic need not he gone into heie (W L Rodman’s Monograph on Dis- 
eases of the Bieast With Special Reference to Cancel — 1908 A Lecture on 
Cancel of the Bieast i^Im pin's Chine, Vol IV, Apiil, 1915) Suffice it 
to say that it has pi oven so satisfactoi} , ovei the leais, that no changes have 
seemed necessai} to add to it As staled at the beginning of this papei, it 
IS not om object to leemphasi/e all of the main accepted tacts now ample 
pioeen In statistics and geneialle accepted In leeiewing many of the papei s 
on this subject, I have been impiessed. howevei, with the fact that fiom 



Figs 7 and S — Showing usef ilness of arms m a biHter il nnipiitation Scar does not touch arm, 
entirel' on chest wall No restriction of motion m ibduction of full e\tension 


laige c'lnics from wdiich have come the most detailed and valuable statistics, 
these are based on the collected expeiiences of man) opeiators, some of 
whom have been experienced, while otheis have added but a few cases to 
the study as a whole This is tuie of both of the laige senes statistical!} 
studied and leferred to in the beginning of this papei In Haageiisen and 
Stout’s senes onl} one of 36 opeiatois had a sufficient numbei of cases to be 
of any statistical value In the 35 yeais elapsing since the Rodman method 
was advocated, I am safe m saying that several hundred cases have been 
operated upon by this method by a small staff, the vast majonty by eithei 
the ongmatoi of the method oi myself at our clinic I am pi evented from 
giving a complete lepoit of the results including private and w'aid cases b} 
reason of the fact that many of the waid lecoids were lost on moving them 
twuce wdien the hospital was moved 

Even in the private lecords, some have pi oven impossible to trace and, 
theiefoie, could not be included in this study I have been able, howevei, 
to tiace 132 private cases, all operated upon by W L Rodman or myself 


61% have been fiee from all evidence of recurrence for 3 yeais 
4670 " “ “ » “ » » ‘ “ 5 years 

39 % “ “ “ “ “ “ “ “ “ 5-10 yeais 

i 67 o “ “ “ “ » “ “ ‘ “ 10-15 years 

67 o “ “ “ “ “ “ “ “ “overisyears 
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It has been our experience that the first two years is the critical peiiod, 
and that veiy few died after five years (of cancer) Fifty-three-plus pei 
cent had axilhuy metastasis at the lime of opeialion— 46 pei cent did not 
Of those with axillaiy metastasis, 2^5 pci cent sinvived five yeais 01 moie 
Of those without axillaiy metastasis, 635 pei cent sinvived five years 01 
moie A 46 to 48 pei cent five-year suivival, without any evidence of reciir- 
lence, local or distant, compaies favorably with any statistics knonn to me 
(48 pei cent W L Rodman, in 1915 — and 46 per cent repoited in this 
papei ) 

To finish this communication where we began, honevei, I repeat that a 
pioceduie yielding the statistics quoted is in general a mole satisfactoiy 
piocedtiie than otheis if, in addition, it eliminates certain undesirable 
sequelae In the 132 cases lepoited, a careful check of the records of those 
known dead and of the surviving patients themselves, have shown only three 
instances of local lecurrence, 01 2 2 per cent This method, therefore, all 
but eliminates local lecurrences which, if the}’^ occur early must mean in- 
sufficient skin or fascial removal As stated. White, in his paper of last year, 
reported 22 6 per cent local recurrences in the Roosevelt series (Handley 
method) — Lewis and Rienhoff 192 pei cent local recurrences (Halsted 
method), Haagensen and Stout 228 per cent Since 1908, not a single case 
has been skin grafted in our clinic In a few cases we have had a small pait 
of the center of the wound slough In none of these has it been necessary 
to graft The original Halsted technic calls for skin grafting in the majority 
of cases, and I understand that this step is still almost the rule at the 
Johns Hopkins Hospital where the Halsted technic is still largely followed 
White reported 17 cases giafted in addition to the 238 cases closed by the 
Handley technic If this tiemendous wound can be closed, not by a plastic 
procedure planned before the necessarj'^ radical steps are completed, the 
result IS unquestionably better in that a pliable scar, not attached to the 
underlying chest wall, results Moie important than this, is the future 
usefulness of the aim on the opeiated side In scars resulting from the 
Halsted technic which I have seen, there is always a bridge of scar tissue 
fiom the chest to the aim, which results in distinct limitation of motion in 
abduction and extension This ceitainly undesirable sequela is unnecessaiy 
and should not be allowed to occur In our cases, the only limitation of aim 
motion is seen in the few instances which have developed marked edema 
Just why this happens, now and then, is another problem still not adequately 
explained We are of course, quite used to seeing transient and slight 
edema of the arm due, we suppose, to the lymphatic block When this 
becomes peisistent, and marked, it may be due to this factor plus a mild 
type of infection resulting in scar tissue, as suggested by Halsted We 
make no effort to confine the arm after 48 hours and, m fact, encouiage its 
use as the scar does not touch the arm and, therefore, is not in any 
way damaged when the arm is moved 

No communication on this subject should be closed without paying 
tribute to the excellent work of others who have been especially interested 

700 



^olume 118 SKIN REMOVAL IN BREAST CANCER 

Is umber 4 

in it in lecent yeais Aitchindoss, of the Medical Center m New York, and 
Judd and Hainngton, of the Mayo Clinic, paiticulaily, have added valuable 
studies to it 

CONCLUSIONS 

1 Wide skin lemoval is important 

2 That local lecunences aie, at best, undesiiable if they do not actually 
repiesent an inadequate eiadication of the disease and certain of its known 
zones of local spread 

3 That such local recuirences need not occui except in a very small per- 
centage of cases (22 pei cent vith the method lepoited) 

4 That skin grafting is unnecessaiy except m rare instances (none since 
1908) by the method repoited 

5 That aim usefulness should not be impaiied as a geneial lule and 
never unless marked edema follows 

6 That a method advocated by W L Rodman, m 1908, meets these 
requirements, in addition to saving 46 pei cent for five years fiom recur- 
rence either local or distant, so fai as could be demonstrated 
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Discussion — ^Dr. Donald Guthrie (Sayre, Pa) I agree heartily with the points 
brought out by Doctor Rodman As a matter of fact, I was one of the early 
enthusiasts of his father’s operation, reporting it in 1914 We have used no other 
type of operation in our clinic since that time 

We believe that wide skin removal, with wide superficial and deep fascia lemoval 
are important and essential, for we are sure that skin recurrences come from the fascia 
underneath the skin and not from the skin itself Our percentage of skin metastases 
has been very low, and it has been surprising how long some of these patients will 
live if these small skin metastases are removed, as they appear As a matter of fact, 
I had one patient who lived nine years alter the first appearance of metastasis, and 
who finallj died of an hemiplegia In our meager experience with this condition, the 
deeper metastases, through the lymphatic and vascular system, have not taken place 

It is surprising to me that these splendid principles embodied in Doctor Rodman’s 
essay have not received more general wide adoption For instance, the primar}”- axillary 
section has so many points in its favor We work from a clean into an involved area, 
the breast is handled far less than it is in any attack that centers itself upon the 
breast itself The blood supply to the breast and to the muscles at the point of 
origin IS controlled, and these operations are far less bloody than the usual operation 
which attacks the breast first 

Sometimes tlie condition of the axilla is found to be such that the operation had 
best be suspended This was found in thirty of our patients upon primary axillary 
exploration 

Keeping the scar from the arm is also a most important thing, as is the anatomical, 
gentle, sharp dissection of the axilla I am sure that some of the elephantiasis that 
occurs is due to a mild infection of the axilla which happens almost immediately 
postoperatively, and it is a factor in interrupting the return of the superficial lymphatics 
from the arm to the chest wall 
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As I said, oui nambei of metastases in the skin lia\c been vti3 small and, \%liilc 
we piactice wide skin removal \\itb fascial remo\al, it lias been necessary to skm- 
giaft but few of our cases 

Not to repeat any of the points brought out bv Doctor Rodman, I would, 
however, like to call your attention to the cNtcnt of the skin incision, which includes 
the breast completelj' and is extended down on tlie abdomen so that the fascia 
of the recti can be removed In the complete dissection with wide skin removal and 
wide fascia removal as well, the onlv two structuies which are saved are the long 
respiratory and the subscapularis nerves 

In closing the w'ound in the centei, it is imixirtant to use the tension approximation 
sutures, the far and neai, we used to call it We have found that an important factor 
m preventing loss of flaps is the “pie-criisting” of tlic skin, as first suggested b\ Charles 
Mayo years ago, to allow' an immediate release of serum If nonabsorbable sutures, 
either silk or cotton, arc used and pressure is placed upon the mam wound b\ a long 
commercial rubber sponge and anothei smaller rubber sponge is placed in the axilla, with 
the wound bound up tightb for four davs, we practiealh ha\e no serum collections of 
any kind We have used cotton, with great enthusiasm, in almost all of our w'ork 

The arm is mobilized quicklv aftei the operation and tins, I belie\e, is also a factor 
111 preventing postoperatne edema 

In follow’ing 4og of our 642 cases caiefulh, our figures agreed with those of 
Harrington, in that of those living five yeais, with no m\ol\emcnt of the axilla, 
there w'ere 655 per cent, living ten veais there were 40 g per cent With axillan 
involvement, at the end of fi\e j'cais there were 23 pei cent alnc, and at the end of 
ten years but gS per cent w'cre alive 

It is mv belief that the reporting of a group of bicast cases without separating 
those w'lth axillary mrohement and those w'lth no axillary iinohement at the time 
of operation leads us into a realm of false securiti 

Dr J Shelton Horsily (Riehmond, Va) For man> jeais I hare been using 
the principle of the Rodman operation for cancer of the In east It is a vers satisfactory 
piocedure, and usuallv the w'ound can be closed without skin grafting It is important 
of course, as Sampson Handle\ dcmonstiated many \ears ago, that the subcuticular 
tissue be removed m the block dissection and that but little subcutaneous fat and fascia 
be left m the adjacent flaps Handle)' has show'n that cancer spreads m a radiating 
manner in the subcutaneous tissue as well as through the mam lymphatic trunks 

In addition, how'ever, to the local precautions against rccunencc for the last fire 
years I have been removing both ovaries at the time of operation when the patient was 
w'lthm the menstrual age It occurred to me, partly because of such w'ork as that of 
Lett Beatson, and others, w'ho performed oophoiectomy m adranced cases of cancer 
of the breast w'lth some apparent benefit, and also from beneficial results occasionally 
obtained by roentgenotherapy of the ovaries m cases of cancer of the breast, and the 
lowered incidence of cancer of the breast in mice aftei bilateral oophorectom) that 
remoral of both ovaries at the time of a radical opention for cancer of the breast 
W'ould mciease the cures Since a laige amount of estrogen appeals to piomote cancer 
of the breast, it w'ould seem that elimination of the supply at the time of operation W'ould 
give optimum results m preventing recurrence Since beginning this piocedure on 
November ig, 1937, up to January i, 1942, I have performed 12 operations for cancel 
of the breast accompanied by lemoval of the ovaiies m premenopausal women Of the 
12 eases, n were without recmrence at the last follow'-up record in September, 1942 
One died six months after opeiation from metastases to the lung and skin These 
ir cases have not, of course, gone through the five-)eai period, hut the results are 
strongly suggestive As a rule, m my experience most of the cases of cancer of the 
breast that recur, do so m the first 18 months after opeiation 

Huggins in his remarkable work on cancer of the prostate, has show'ii that roent- 
genotherapy of the testicles is not as efficient as excision and that the interstitial cells 
are not permanentl) destroved bv the roentgen ray It would seem that this would 
apply particularly to the ovaries, because they are less exposed and more difficult to 
destroy by roentgenotherapv 

Three of the earlier patients, Mrs C D A , Mrs R P H , and Mrs A D W , 
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aic cases with lathei liigh-giade cancel In one instance (Mrs C D A) the breast 
had been lemoced clscwhcie, and there were metastases in the axillaiy lymph nodes 
A radical operation was performed (Photomiciographs from these thiee patients shown) 

Dr Stuart Willi vai Harrington (Rochester, Minn) I wish to congratulate 
Doctor Rodman on his presentation of skin removal in radical breast amputations and, 
also, on the excellent results he has obtained from the operative proceduie This is 
the lowest percentage of local recurrences that I have seen reported 

In the last review of cases winch w'e have studied, our percentage of skin 
recurrence was approximateh eight per cent There are many factors which enter 
not onh into the percentage of patients having skin recurrence but also into the 
prognosis as to life for patients who aie operated upon for carcinoma of the breast, 
the most important of which aie the extent of the disease at the time of operation 
and the t}pe and grade of malignancy which are present 

ilost surgeons ha\e accepted ladical mastectomy as the operative procedure to 
be utilized for carcinoma of the breast The greatest \ariation in technical procedures 
has been m the type of incision to be utilized This is important from the standpoint 
of local recurrence I belieie that the type of incision to be utilized must depend on 
the location of the growth in the different qiiadiants of the breast and also the type of 
breast, that is, wdiether it is a pendulous breast or a small breast attached to the chest 
wall In a general way, if the tumor is in a tw'ehe or six o’clock position or m the 
upper or low’er quadrant, the scrtical incision can usualK be best utilized to make a 
wide excision of the growth I always make the widest excision possible of the teg- 
mental structures surrounding the tumoi It the tumor is in the three or nine o’clock 
position a transierse incision will often permit a satisfartor\ and more adequate removal 
of the tegmental structures surrounding the tumor It is difficult to state in centimeters 
the amount of surrounding skin to be excised as this depends on the type of lesion, 
whether it is an ulcerating or an infiltrating t\pe of lesion, but wdien possible an area 
of 7 to g cm from the grow'th should be excised This is often difficult in lesions located 
in the extreme upper inner maigm of the breast but an excision of this extent can be 
earned out in removing most of the axillaiy han -bearing area and the wound can be 
closed w'lthout the use of skin gratt bj utilizing the latissimus dorsi muscle from 
the skm flap 

The majority of skin recuirences which w'e sec occur m cases of ulcerating 
malignant lesions or the so-called inflammatoij" type of malignant lesion In more than 
five per cent of our cases an ulcerating or inflammatory type of malignant lesion is 
present Skin recurrence may occur even though a \eiy wude excision of the skin 
has been made because the edema surrounding these lesions indicated malignant invasion 
of the skin and Ijmphatics In cases of this t)pe I ha\e seen skin recurrence occur in 
distant areas such as the abdominal wall, back and scalp 

Dr George J Hfufr (New York) I do not intend fully to discuss Doctor 
Rodman’s paper, but I cannot, without piotest accept his statement, that the Halsted 
operation results m such impairment of the function of the arm as to constitute a great 
disadvantage 

Doctor Rodman’s statement that he has commonly seen function of the arm 
destroyed by a scar in the axilla followung the Halsted operation is based, he admits, 
upon a few' cases he saw' at the Johns Hopkins Hospital in the very earlj dajs of this 
operation Since that time the operation has been modified and improved, and I am quite 
convinced, from a \ery large experience, that the Halsted operation can be performed 
with a resulting axilla and w'lth function of the arm quite as good as in aii}' operation 
I have seen, including the Rodman operation 

I be question raised bv Doctor Rodman as to whether you shall skin graft or not 
skin graft perhaps deserves comment One gets the impression from hearing men 
speak of skin grafting in connection w'lth breast operations that skin grafting is a 
procedure w'bich is either difficult or at least exceeding!}' objectionable I do not think 
that such is the case 

One skin grafts in bieast operations for a specific reason, and that is to secure 
closure of the wound without tension It is a principle that is recognized, no matter 
where upon the bod} surgery is piacticed 
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If a surgeon chooses to remove so much skin— and I heartil}^ agree with Doctor 
Rodman in everj'thing he said about reinov'al not oiih of a wide area of skin but 
also of subcutaneous tissue— that he can not subsequently close the wound without 
undue tension, then the only logical thing to do is to close it by means of skin grafting 
I have had the opportunity in Baltimore, in Cincinnati, and in New York, of comparing, 
side by side, operations on the breast in which in one case skin grafting was used and 
in another case the skin u as closed under tension, and I am convinced that a wound will 
be fully healed in a shorter time with grafting than with closure of the skin under tension 


Dr Charles C Lurd (Boston) There has been, as jou know, a continuous 
interest in breast cancer in Boston, beginning perhaps in the nineties, or even earlier, 
with Warren, and then Greenough and Simmons of the Massachusetts General, and 
later Greenough, Simmons, Taylor, seieral others and mjself, at the Huntington 
Memorial Hospital Doctor Greenough was an adiocalc of the Rodman incision, and 
through his influence I was brought up to use it, and still use it, and like it The work 
at both hospitals, has been published many times, and shows a long, continuous record 
of improvement We feel strongly that anv appreciable percentage of skin recurrence 
shows very inadequate planning of the operation or performing of the operation 
I, personalljs do not see why a Halsted operation would not give just as good results, 
if properly done, as described by Halsted, and reported on by Lewis and Rienhoff 

I do want to emphasize, though, the matter of choice of patients for radical breast 
operation After roentgenograms of lungs, spine, pelvis and skull, exclusion from 
radical operation of anj' cases that have signs of metastasis there, and exclusion of 
cases with appreciable amounts of edema of the skin, or distant metastases of an3' kind 
This all has been presented The group working with Dr Whipple have published 
identical findings After operation, with wide skin removal, I rather feel the wav 
Doctor Heuer does, that a skin graft is not a disgrace, even if v’-ou use the Rodman 
incision 

Table I 

J 32 Cases — Radical Mastectomies — Rodman Method 
61% — ^Free from all evidence of local regional or distant metastasis for 
46% — Free from all e\ idence of local regional or distant metastasis for 
1 6 % — Free from all e\ idence of local regional or distant metastasis for 
6% — Flee from all evidence of local regional or distant metastasis for 


3 > ears 
5 years 
S-10 jears 
over IS sears 


Table II 

132 Cases — Radical Mastectomies — Rodman Method 
53% — Axillarv metastasis at operation 
23 5% — Free from recurrence for 5 years 
46% — No axillary metastasis at operation 
63 5% — Free from recurrence for 5 years 

3 — Local recurrences in entire group — 2 2% 

Dr Wm Crawford White (New York) Last j^ear, before this Association, I read 
a paper on “Skin Removal m Radical Mastectomy ” I refer you to that paper for' details 
But I desire to call your attention to the fact that primary cases, with no axillary metas- 
tases, had a local recurrence rate of lo 8 per cent, while primarj cases wnth axillary nodes 
involved had a local recurrence rate of 31 5 per cent This is m accord with several 
other large clinics, whether or not skin grafting had been practiced These reports 
are based on both private and ward cases, grouped together Doctor Rodman has 
given us a very low local recurrence rate in 150 private cases Apparently considerable 
skin has been removed, although bis measurements are not stated I am at a loss to 
explain his low recurrence rate 

I am an advocate of the removal of at least a minimum diameter of 15 cm of skin, 
but I am convinced that wider removal of skin will not reduce local recurrence We 
must remember that Doctor Halsted practiced a wider excision of skin in his first 
50 cases, j'et he had a local recurrence rate of 31 per cent 

Local recurrence is due to cancer cells that have not been removed at the operation 
We must remember that, in addition to the skin involvement in the neighborhood of the 
tumor, we have the other areas adjacent, in all directions, and, lastly, we must note 
the spread by lymphatic permeation and emboh to the intercostal and internal mammary 
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lymphatics These latter areas are not removed in the most radical operation, and are 
the source of retrograde growth into the overlying skin in many cases I think the 
last word on this has not been said 


Dr J Stewart Rodman (Philadelphia, Pa , closing) I repeat, m closing this dis- 
cussion, that I only had time m fifteen minutes to touch upon a very few problems concern- 
ing cancer of the breast All I was concerned with was the amount of skin removed, 
whether or not that bore any relationship or was important so far as local recurrences 
were concerned, whethei local lecurrences were unimportant or important, and whether the 
function of the arm had anything to do with the method of the procedure 

Many other problems, some of Avhich were brought out by the gentlemen who have 
spoken, and I am very grateful to them for taking part m this discussion, I did not 
have time to touch on I had to omit, toward the close of this brief paper, the matter 
of elephantiasis, or marked lymphadema of the arm With the Rodman method this 
does occur now and again I believe it occurs with any method that I know of, as far 
as that is concerned I do not know exactly why I think the combination of 
lymph blockage, with a mild infection of the axilla and arm resulting m scar tissue, may 
explain it, as suggested by Halsted 

We often have to “pie-crust,” as Doctor Guthrie brought out, in closing these 
wounds I think that pie-crusting is very useful m the procedure It does seem to 
relieve a good deal of lymphatic block or of venous stasis at least, of the skin edges 
Occasionally we do get, even though it is always possible to close these wounds by 
extensive undermining of the skin, necrosis of the skin edges This is never marked 
enough to require grafting to close the defect I insist that this is not a plastic 
procedure It is simply a closure of a wound made at a time when you do not 
know whether you are going to be able to close it or not, because you have removed 
enough skin in doing so 

As I see it, the objection to skin grafting is the resulting fixation of the scar 
to the chest wall, the fact that it is time-consuming, and, in our experience, is an 
unnecessary addition to the operative technic 

As to Doctor Horsley’s discussion, there are many problems concerned that I 
did not go into, one of which is the matter of sterilization We have tried that 
We are still undecided as to whether it is of any value or not 

Of course, we all know of the tremendous amount of work that Doctor Harrington 
has done, and the beautiful results he has obtained I, personally, have had no luck 
whatsoever with acute skin cancer The cases he showed on the screen would 


be what I call cancer "en cuirasse” I do not know what he calls it, but to me 
that has been hopelessly fatal business 

I think the location of the growth, of course, is very important, as to where you 
plan your skm incision, but, nevertheless, we find with a skin incision such as we showed 
on the screen as the Rodman method, you can keep away from the edge of the growth, 
depending where it is, by varying the upper and lower line of the incision We do not 
have to change the type of the incision depending on the location of the growth 

Now as to Doctor Heuer’s remarks, I was very much pleased to hear him say what 
he did I have never had the pleasure of seeing Doctor Heuer perform a breast ampu- 
tation, and I am afraid I am a little old-fashioned in going back to my student days 
at Hopkins I was not an undergraduate student there, but I was doing graduate 
work in pathology when Doctor Heuer was the resident in Surgerj’- Doctor 
Halsted, I recall very well at that time showed some IS to 20 cases he had done by 
his method Of course, that was the original procedure No doubt it has been 
improved by Doctor Heuer, and others But in the cases shown not one could get her 
arm above a right angle because of the bridge of scar tissue fiom the chest to the arm 
I have seen other cases since then, done by this method, and by good surgeons, 
that also could not get their arm above a right angle 

I do not believe that it is not possible to avoid this complication All I said in 
my paper was that the cases I have seen done by Halsted’s method resulted in a 
certain amount of impairment of the usefulness of the arm in abduction and extension, 
Aat unless marked edema occurs such limitation of motion never follows the 
Rodman technic 
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FROM THE SURGICAL AND LABORATORY SCRVICFS OF THr BROOKE GCNPRAI HOSPITAL FORT S UI HOUSTON TFNAS 

Thl high inciucncl of pilonjc’al cyst or sinuses in members of the 
aimed forces has lesulted in this lesion becoming a major suigical problem 
in all military hospitals In civil life, disability following tieatment is usually 
not gieat, as the patient caiiies on his usual occupation dm mg the greater 
poition of the healing period A soldiei on the contian, cannot undergo 
the extraordinary exertion of nuhtaiy duty with an unhealed wound Healing 
often requires months w'lth the loss of many man-davs 

In spite of much research, the etiology of these sinuses is not clear 
Stone^^ notes a similaiity to the pieen gland of certain buds Kallet^® sug- 
gests an embryonic lest of a vestigial secondaiy sex gland Touineaux 
Herrmann"^ Mallary and Gage’*’ believe the cyst lesults fiom an abnoi- 
mahty in the development of the neural canal Fieie’^ and Fox'^ stress 
an embiyonic infolding of cutaneous epithelium Kooistra-^’ found evidence 
to suppoit each of the lattei tw'O theoiies and states that no conclusive opinion 
seems justifiable 

There is also a great diveigence of opinion legaiding tieatment Among 
the ambulatoiy methods, the aim is to destioy the diseased tissue by plusical 
oi chemical agents Andeison’^ injected chloiide of meicui) , CrookalP 
silver nitrate, Biegeleiseii,- fuming nitric acid Cutler and Zollmgei,’® and, 
latei. Block and GreeiF repoit successful lesults with a modified Cainoy’s 
solution Smith,"^ and, latei, Turell"' used roentgenotheiapy on lecuiient 
cases wuth good lesults 

Kleckner,^^ in 1936, by means of a questionnane fiom members of the 
Ameiican Proctologic Societ) , collected 4699 cases Of these 4,231 had 
been opeiated upon by the open method indicating that this w^as the method 
of choice among experienced pi octologists Cauteiv excision and open packing 
was fiist lecommended by Stanton"- Rogeis and Hall-® and, moie lecently 
Rogeis and Dwngbt-' have repoited giatifymg lesults with this method 
Following excision, closuie of the wound has been advocated by man) 
Due to the difficulty of obliterating the dead space and of approximating the 
tissues, numerous methods have been described Ferguson and Mecra}h‘* 
use a mattress suture of steel wire tied over a gauze roll on eithei side 
Buigess« undermines tbe wound edges and uses silk letention sutuies tied 

Read before the Aniencan Sargieal Assocntion Mav 13--14, 1943, Cincinnati, Ohio 
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o\ei a sponge oi gauze Gage^" stressed the value of sea sponge piessuie to 
obliteiale the dead space Recently, Dunphy and Matson^- described a method 
of undercutting the overlying tissue fiom the sacial fascia to facilitate closuie 
Lahe},“^’"“ after block excision, filled the defect vith a pedicle flap 
obtained fioin over the gluteus inaximus Latei he modified this pioceduie 
b} using a flap attached at both ends allo\\ mg the defect of the gluteal region 
to gianulate Cattell" used a similai piocedure but closed the space ovei 
the muscle b} converting it fiom a crescent into a Y 

Brezm in ordei to lemove the scar from the midline, used a U-shaped 
incision ciicumcising the openings of the sinuses cMthm the U A pedicle 
flap vas then leflected and the ell's! and sinus tracts dissected out 

MacFee,*^ and De Piizio” recommend a paitial closure, sutuimg the 
skin edges without tension to the saci ococci'geal fascia This leaves a small 
law aiea which heals by gi emulation Colp.® in 1929, and, lecently. Van 
Alstine®® described a similai method except that the skin edges w'ere m 
appi oximation Buie"’ does not lemove the floor of the sinus ovei lying 
the fascia and sutuies the skm edges to the membranous edges of the sinus 
This subsequently undergoes a squamous metaplasia 

Recently good lesults ha\e been reported by numerous military surgeons 
with vaiious methods of tieatment Among these are Pickett and Beatty,-® 
using excision and packing . \\ oldenberg and Sharpe,®' excision and primai } 
suture, Scott,®® using bufl:ered sulfanilamide locally wnth primaiy suture, and 
De Piizio,®® employing the skm to fascia t}pe of operation 

A survey of these cases, m the Eighth Seivice Command, by Colonel 
Coley, the Surgical Consultant, levealed no uniformity of opinion as legaids 
tieatment the gieat desnabiht} of impiovmg end-results, and the necessit} 
of reducing morbidity In studying the mateiial of the Brooke General 
Hospital, as a part of the above suivey. it was found that fiom Januaiy 
to Octobei, 1942, there had been 77 cases tieated by surgical excision 
Fifty-sixhad healed and returned to dut}^ w^hile 21 were still under treatment 
Of the 56 healed cases half of them had electi osurgical excision, and 
the wound packed, wdnle the remamdei weie excised and closed by piimar) 
suture 

In the 28 cases closed by sutme, 12 healed piimanly in an aveiage time 
of 19 days Sixteen cases became infected with subsequent opening of the 
wounds Fiom then on, these w’ere tieated by packing and healing 
occuiied in an aveiage of 69 da}s 

In the 28 cases tieated by open packing, the average time of healing 
was 77 days (Fig i) 

The study indicated a lower aveiage healing time foi the closed case 
subsequent!} breaking down than foi the case treated by the open method 
In addition, the average healing time of all closed cases was 47 days as 
compared with 77 days for the open method 

On Octobei 16. 1942. the closed method was adopted for all cases 
Fxcision was b} scalpel Meticulous attention was paid to hemostasis 
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Cotton 01 wiie suture replaced catgut 
tension and to eliminate dead space 
Gage,^" were employed 


Great care was taken to avoid undue 
Pressure dressings, as advocated by 


Fig 


QROiJP 



liCASEI J6CAStS 


INFCCTEO 

Closieo 

OPERATIONS 


CtOSfO OPERATIONS 

1 . i 

H-CA5»» 4 CASTS 

Fig 2 


ENTIRE GROUP 


Twenty cases weie treated according 
to this plan Fourteen healed primarily 
m an avei age of lo 5 da} s Six had 
postoperative infections, and healed b} 
second intention m an average of 59 
days Cotton and steel wire were each 
used m 50 pei cent of the cases It 
seemed as if the wire wounds weie su- 
perior (Fig 2) 

At this time, a new' method of closure 
suggested itself to one of us (Frank C 
Shute), which seemed to eliminate the 
difficulties of dead space and tension A 

Fig I —Average healing time of cases elliptical mClSlOll IS made 111 the skin 

between Jan i and Oct i, 1942 ^ 

Fig 2— Cases treated by excision and surroundiiig the cyst and siiius tracts, and 

primary suture ° ■' ’ 

IS earned dow'n perpendicularly to the glu- 
teal aponeurosis on either side The block of tissue is dissected off the sacrococ- 
cygeal fascia and removed (Fig 3) A lateral incision is now made tin ough the 
glutearfascia on either side, conespondmg to the original skin incisions 
and is earned well into the muscle (Fig 4) This creates an inner 
fibiomuscular flap which is turned medially and sutuied to its fellow of 
the opposite side This fills m the aiea dorsal to the sacrum and coccyx 
eliminating the dead space (Fig 5) 

Cutting the fibers of the gluteus maximus mobilizes the lateial flaps so 
that It slides medially over the edge of the sacrum and can be sutured to the 
opposite lateral flap without tension (Fig 6) The skin now falls together 
and is easily approximated (Fig 7) 

This method satisfactorily overcomes the difficulties of tension and 
dead space which are inherent in the other types of closuie In addition, 
the tiansplanted muscle furnishes an abundant blood supply to the base of 
the wound which is of great importance m healing 

Fifty-nme -white males have been operated upon according to this 
technic Most w'ere 111 the third decade of life The two outstanding symp- 
toms w'ere pain and discharge, -^vhile the objective signs w'ere mflammatoiy 
induration, abscess or sinus foimation Not a single asymptomatic case 
w'as operated Fourteen had abscesses which were immediately incised The 
excision followed m an average of 8 6 days Ten wei e recurrent cases and 
w'ere prepared for an average of 5 6 days before operation Thirty-five 
presented chronic infected sinus tracts and were prepared an average of 
3 5 days All cases were placed at rest and given hot sitz baths No pre- 
operative sulfa drugs were used In some of our earlier cases the sinus tracts 
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4 LATERAL EDGE OF 
aponeurosis 



Fig s Fig 6 Fie 7 

Fig 3 ^The sinus has been excised exposing sacrococci geal fascia and the aponeurosis of the 
„ gluteus maximus 

riG 4 An incision has been made on either side through the aponeurosis of the gluteus miximus 
It_ IS not necessarj to join the incisions at the ends of the ellipse 
1 iG 5 — The inner fibromuscular flaps are being sutured together in the nudhne 
Fig 6 — Approximation of the outer muscular flaps 
Fig 7 — The steps of operation m cross section 
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weie injected with metliylene blue but we found, as did Rogeis"' in whicli 
the dye filled the lymphatic trunks and gare a false impiession as to the 
extent of the lesion 

The block of tissue lemored usually measured about 12 x 8 cm The 
laigest block w^as 15 x 10 cm In this case, the wound closed easil} 
Sinus tracts extending into the thigh weie dissected out sepaiateli from the 
midline block in a few' instances Tlie bacteiiologi of the lesions wcic 
caiefully studied The excised specimen was hi ought to the laboialon m 
a steiile towel Its skin surface was satuiated with alcohol wliicli was 
then Ignited An incision was made into the infcLted aiea and a looplul 
01 tw'o of mateiial w'as stieaked on eosin-methylene blue agai and tubes of 
lactose broth w'ere inoculated foi the determination of coliform oiganisms 
Blood agar plates, tubes of thioglycolate bioth and milk and beef heait 
infusion broth w'ere inoculated foi othei oiganisms The loutine blood 
plate procedure was found to yield 46 pei cent negative findings wheicas 
thiogtycolate broth or skim milk yielded 95 pei cent jiositive findings of 
streptococcus and staphylococcus infections The lattei media weie \ery 
satisfactoiy foi organisms which requited moie 01 less anaerobic conditions 
Thirty-nine specimens weie examined and the following types of oigan- 
isins W'ere encounteied 


(1) No organisms found 2 

(2) Streptococci (hemolytic — 3, nonhemol>tic — 8) 11 

(3) Staphylococci (hemolytic — 6, nonhemoljtic — 7) 

(4) Mmureof staphylococci (predominantly hemolytic) and streptococci S 

(5) Anaerobic streptococci ^ 

(6) Coliform bacteria None 


In the specimens tiom recurrent cases, no epithelial tissue was found 
Only sinus formation as a lesult of infection in a dead space was noted 
This IS in keeping w'lth Rogei s-^ findings, and we believe the majority of 
so-called recurrences are the lesult of incomplete obhteiation of dead space 
Postoperatively, these patients were given paregoric foi thiee days then 
mineral oil Enemata weie adinmistei ed as indicated Patients weie 

allow'ed to be ambulatory as desired at the end of 12 to 24 hours The 
sutures w'ere removed on the fiftli to seventh day Pressure diessmgs were 
abandoned because they w'ere unnecessary with this operation They "’seemed 
to cause invagination of the suture line 

The results in these 59 cases are most gratifj'ing Forty-eight healed 
111 an average tune of approximately eight days Eleven cases had postopera- 
tive complications Three were accidents and eight infections One patient 
fell out of bed, opened his wound on the fifth postopeiative day Another 
had a fecal impaction, and separated the lower one inch of his wound on the 
sixth postoperative da) The third, an unusually active man, opened an 
inch of his wound on the second postoperative da) These were pulled to 
gether with adhesive and healed m 15 16 and 15 days, respectively 
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Of the eight suffeiing infections, thiee weie minor stitch abscesses and 
five weie infections of the lo^^el peiianal angle of the wound These infected 


cases healed in an aveiage time of 22 da\s 


The healing time foi the entiie gioup 
was appioximateh ii dacs When 
healed, the enlisted men letinned to 
dut} aftei an a\eiage comalescent peiiod 
of thiec weeks, while officeis letmned 
m 16 to 20 d,i\s following opeiation 


iNrecTED 

fLOSED 

operations 


ewssro operations 


EMTIf?E (jROOP 


Tie S — Ctscs closed b\ new ttciiiuquc 


(I'tg «^) 

The distiibiitions with lespect to 
time foi healing aie given in Table I. 
and curves showing the cumulatue pei 
cent of cases healing aftei various pei lods 
following operation, foi the uncompli- 
cated infected and the combined senes 
of cases aie shown giaphicalh m 
Figure 9 



4 8 12 16 20 24 28 32 

Time (moximum, in days) for healing 


Fig 9 — Curies showingr cumulative per 
cent for periods of healing after excision of 
pilonidal cjsts 


Table I 



PERlOUS FOK HEALING AFTER EXCISION OF PILONIDAL CTSTS 

Uncomplicated Cases Infected Casesi 

All Caafes 



Time for Healing m Days Xo 

% 

Ho 

% 

No 

% 


3 to 5 

3 

6 2 



j 

5 

1 

5 to 7 

13 

27 0 



13 

22 

0 

7 to 9 

21 

43 6 



21 

35 

6 

9 to 11 

8 

16 6 



8 

13 

5 

11 to 13 

' 2 

4 5 

1 

9 1 

3 

5 

1 

13 to 15 

1 

2 1 

2 

18 2 

3 

5 

1 

IS to 17 



2 

18 2 

2 

3 

4 

17 to 19 



1 

9 1 

1 

1 

7 

19 to 21 



1 

9 1 

1 

1 

7 

21 to 23 



1 

9 1 

1 

1 

7 

23 to 25 








25 to 27 



1 

9 1 

1 

1 

7 

27 to 29 








29 to 31 



1 

9 1 

1 

1 

7 

0\er 31 



I'- 

9 1 

r 

1 

7 

Total 

48 


ll 


59 



Ayerage time 


7 8 


21 8 

10 6 




t Includes three cases which sustained accidents 
* Fifty -three days 


In the senes of 48 uncomplicated cases, it wall be noted that 90 per cent 
were healed in less than ii dacs, and all of them in 15 days 01 less Even 
in the II cases in which stitch infections 01 other complications occuried, 
70 per cent w^ere healed m less than 23 da} s and 90 per cent in less than 30 
days Foi the entne senes (59 cases) it will be noted that 60 per cent weie 
healed 111 as shoit a period as nine days 80 pei cent in 13 dais, and 90 per 
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cent m 17 days The peuod of healing extended beyond 25 days in less than 
five pel cent of cases, the lattei including one case which lequned 53 days 
and auothci 30 days 

No 38-gaugc stainless steel wiic was used in the wound foi tics, and 
No 32-gauge w'lie foi sutuies In om hands wne has pioduced less 
leaction in tissue than catgut 01 cotton It is not used on account of its 
supposedly great tensile strength As a inattei of fact, the finer grades 
break leadily if undue tension is applied In the skin aiound the perianal 
region a subcuticulai suture of wore is very satisfactoiy In the lemaindci 
of the wound intenupted sutuies w'Cre used 

Buffeied sulfanilamide w'as used in the fiist 29 cases It seemed to 
cause an excessive amount of oozing and seium m the wounds Nine of 
the II complications occurred in these cases In the lattei 30 cases, in 
which sulfanilamide w'as not used, theie occiiiied only two complications 
An accurate evaluation of end-results must, of couise, aw'ait a more 
extensive employment of the method and the passage of fui thei time How - 
ever, the many advantages of the opeiation, and its leady adaptability to war 
conditions, has led to its piesentation at this time None of the 59 cases 
have, so fai, returned with a lecuirence 

SUHOIABY 

The experience with pilonidal cj^sts and sinuses at the Biooke General 
Hospital IS review^ed 

An operation is described wdiich is found to be fai supeiioi to any 
previously used b> the authors A wude, double elliptical incision is earned 
perpendicularly downward to the fascia of the gluteus maxunus The 
circumscribed tissue block is sepaiated from the sacrococc} geal fascia and 
removed A lateral incision through the gluteal fascia in the line of the 
original incision is now' made on either side It is deepened into the fibeis 
of the gluteus maximus and the iibi omusciilar flap thus cieated is turned 
medially and sutured to its fellow' of the opposite side, in the midhne 
This fills in the aiea dorsal to the sacrum, eliminates the dead space, 
and furnishes an abundant blood supply to the base of the wmund The 
lateral flap slides medially over the edge of the sacrum and is sutured to 
the opposite lateral flap wuthout tension The skin is now' easily approximated 
Results of this technic m 59 cases are piesented Fort3'-eight healed 
primarily m an aveiage time of eight days Eleven cases had poMoperative 
complications, and healed m an average time of 22 days The healing time 
of the entire group was ii days 

Bactenologic examination of 39 excised cysts disclosed viable organisms 
m 95 P^r cent of the specimens Nonhemolytic streptococci and hemolytic 
staphylococci constituted the pi edominating floia, m five instances only 
anaerobic streptococci weie found, and it is interesting to note that cohfoim 
bacteria w'ere absent 
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Discussion —Dr Harvey B Stone (Baltimore) Ever since Doctor Finney dem- 
onstrated a case of pilonidal sinus to my third-year class at the Medical School, I 
have been interested personally in this curious and provocative lesion It certainlj 
has been, in the last few years, provocative of a remarkable outpouring of publications, 
but that has not always been true It was only about 16 or 18 years ago that I read 
a paper on this subject before the Southern Surgical Association, reporting a group 
of some 60 cases, and after the meeting was over, several widely experienced surgeons 
told me that they had known little or nothing about pilonidal sinus before and did 
not believe they had ever recognized a case, and several, not quite so frankly, said the} 
did not believe that I had seen as man> as I had reported 

I do not believe that the latter doubt will exist in anybodj’s mind now, after the 
numerous publications have come in and after the experience of Induction Boards and 
army surgeons with the really wide prevalence of this lesion 

There are a number of interesting problems — its embryologic origin, the reason 
for the defect in embryology which produces it, and the difficult} from the practical, 
clinical side in securing rapid, firm, and enduring healing after removal 

It IS with the latter problem that Colonel Burch’s paper deals, and I think there 
are at least three recognizable causes of trouble in securing desirable results One is 
infection, and his emphasis on the spending of some time preparator} to operation in 
cleaning up an infection I think is a point of very great practical importance A 
second is the complete and adequate removal of the lesion itself A third is the 
dealing with the resultant wound 

So great has been the difficulty in dealing with the wound that a number of 
writers on the subject have frankly abandoned any attempt to close it and advocate 
that it be dressed open and left open to heal by granulation Others have gone further, 
and have even abandoned attempts at excision and treat the lesion by some method 
of chemical or electrical destruction, in order to avoid an open wound altogether, and 
a great many have published papers describing various methods of plastic closure or 
suture, designed to obliterate the dead space 

This paper of Doctor Burch’s I think falls clearly in this last group Personall}, 
I believe that closure should be undertaken, and that it is an unnecessary surrender 
to pack it open and wait for it to granulate The reason tliat I feel so is because, as 
the statistics of Doctor Burch have shown and those of others who have advocated some- 
what different plastic closures have indicated, where closure is attempted a con- 
siderable percentage of primary successes are obtained That is “all to the good” and 
even where closure fails, and where the wound then has to be treated as an open wound 
and allowed to fill up by granulation, the period of deferred healing is probably less 
than if no attempt at closure had been made in the first instance 

So I believe we should accept the principle of an effort at closure, and that that 
effort entails some plan to obliterate the dead space The dead space has a noncollapsible, 
bony floor It has edges which are difficult to approximate without tension There- 
fore, the introduction of any principle which will overcome these difficulties, which 
will help to close the dead space and bring together the wound edges in proper position 
for healing, so that they are neither inverted into the depth of the wound nor under 
great tension in being approximated, is highly desirable and is, I think the sound 
principle to proceed on ’ 

I think that Doctor Burch’s method is ingenious, and that it is based on funda- 
mentally sound conceptions He certainly has presented a laudable record of success 
so far, and we all hope that he, and others, will give this method wider employment 
and report further as to its success 
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Dr Frank H Lahey (Boston) I wish to speak, just briefly, about this subject 
because, being responsible for a little of the literature, I feel interested I feel par- 
ticularly interested, however, because of lecent inspections of Naval hospitals, 
and in the course of the inspections seeing pilonidal sinuses in Aimy hospitals and 
seeing the number of duty-days saved by primary sutuie 

I came yesterday from the United States Naval Hospital in Norman, Oklahoma 
There, in the Surgical Service they have now' excised 15 consecutive pilonidal sinuses, 
w'lth average hospitalization of ig §4 

I recentlj saw' the Torney General Hospital in Palm Springs, California, an 
Army hospital, w'here Doctor Bea^er had had 14 consecutive pilonidal sinuses treated 
by excision, closure averaging, again, under 3 w'eeks 

In mj' mind, the problem is quite different for the men in the service and for 
those in civilian life In the ser\ice the important thing is man-hours, but equally 
important is beds When one realizes that Doctor Beaver reports his senes as averaging 
IQ da) s’ disability, and the Naval Hospital at Norman, 15 days, that the Navy and 
the Army are seeking additional beds, and that these patients, unlike those in civilian 
hospitals, occupy beds until sun'eyed to duty, this is, I believe, in the Army and 
Navy quite a different problem from that m civilian life 

Just now' I spoke to Doctor Cattell because he has been interested m pilonidal 
sinuses in civilian practice The plan of Horatio Rogers in Boston, who advised the 
plan of local excision, is applicable in an office or in an out-patient department If 
these people are so situated that they can get away from their work or their school 
long enough to obtain tins dail) or alternate-daj' treatment, then I feel that the method 
of local excision with granulating in, is permissible The Army has a ^ different 
problem, how'ever, and has demonstrated, I think, in many of the military hospitals 
that excision w'lll w'ork, does save hours, and certainly does save beds 

Dr Henry F Graham (Brooklyn) I was recently stopped by a man who 
w'anted to inquire about his son He said his son was in the Army and he had had 
three operations upon the base of his spine, but he knew they must have been good 
operations because they w'ere all done by Majors I am sure it was not performed 
by Colonel Burch 

There is one little step that I have employed, that I think, in some cases, perhaps 
only in civil life, is of value in diminishing the infection at the time of excision It 
is something that can be done in addition to these steps that have been recommended 
by Colonel Burch, and which seemed so sound and good to me I am going to try his method 
I often use an electric cutting current and -make a vertical incision through the 
infected cyst or sinus, laying it wide open It is then wiped out, the edges are 

held apart, and, with a bipolar current and a heavy, round-tipped needle, I fulgurate 

the base of the wound until the entire lining of the cavity has been destroyed to a 

depth of about one-eighth of an inch Then, when it is entirely dry and the infection 

theoretically has been mostly eliminated, the excision is made 

I see no reason why that could not be done first, and the method of Doctor Burch 
used after that, if you do not carry bipolar fulguration so deep as to destroy the 
underlying tissues This w'lll destroy a great deal of infection, and our results have 
been much better since we have used this method than w'hen we undertook simple excision 

Dr James M Mason (Birmingham, Ala ) The renaissance of pilonidal sinuses 
and cysts has been extremely interesting After years of only casual comment, the 
subject has been given a prominent place in surgical literature by the large number 
of cases that have been reported during the past six months 

My attention was first directed to this anomaly by a paper that Harvey Stone 
presented at the meeting of the Southern Surgical Association in 1923 He stated &at 
‘less than a dozen original articles had been found m a fairly extensive search covering 
the previous sixty years ” The literature since the appearance of Stone’s publication 
has been singularly barren of contributions until within very recent months Beginning 
about November, 1942, reports, from Army hospitals particularly, are appearing m 
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mci easing numbeis These leports discuss the management of the large numbers of 
pilonidal sinuses that arc apiilymg for ticatment m Army hospitals in all sections 
of the country 

A review of the discussions of the cmbo’ology of the sinus is interesting As far 
back as 1892, Mallory came to the conclusion that the sinus resulted from failure of 
obliteration of the caudal canal This view had been previously expressed bj Hermann 
and Teureux, and other European investigators Stone has not accepted this view 
and holds to the theory that the sinus results fiom a “special local dowmgrowth 
of epithelium originating from the true skin and not from the medullar} grooi e ” 

In 1935, two noteworthy publications appeared , one bv I M Gage, Archives of 
Surgerv, August, 1935, entitled “Pilonidal Sinus An Explanation of its Embr} ological 
Development”, another by S L Fox, Surgery, Gynecology & Obstetrics, Februan, 1935, 
entitled “The Origin of Pilonidal Sinus, With an Analysis of its Comparatnc Anatonn 
and Histogenesis ” Gage supports the theory of failure of obliteration of the medullar\ 
canal Fox upholds the theory of downgrow'th of epithelium Ewing, discussing tumors 
and anomalies in the sacrococcygeal region sa}s that “the entire group is not onl} 
numerous but complicated, and a rigid classification is at present impossible” (Neo- 
plastic Diseases, Fourth edition, page 1006) 

Regardless of view's concerning embr\ology, surgeons recognize that cure should 
be sought by excision and closure of the wound 

Another matter of surprise is that with large numbers of \oung men 111 college 
taking part in football, baseball, and every soit of athletic activit\, the c}st has 
atti acted but little attention nor, so far as I recall, did it give rise to an} material 
trouble among the troops in World War I Of coinse, the same relative numbers of 
pilonidal sinuses among a given number of individuals should not differ from time to 
time Army surgeons claim that the extreme activity carried on in the training 
period IS responsible for the infections and abscesses that bring the soldier to the hospital 
for medical attention 

Stone and Gage have advocated excision and closure, after proper preparation The\ 
have, likewise, directed attention to the difficulty of completely obliterating the dead 
space at the bottom of the w'ound and of the value of compression m assisting m this 
obliteration Looking at the illustiations of Colonel Burch’s ingenious operation, it 
seems to me that there must still be a dead space undeneath the flaps of gluteus muscle 
and that a pressure dressing should still be employed to obliterate 

Colonel John C Burch, M C (closing) The success of this operation depends 
upon filling up the dead space b} means of flaps derived from the gluteus nnximus 
muscle Mobilizing the medial flaps, hkew'ise, mobilizes tbe lateral flap and allow's 
them to slide in readily 

The wound must be absolutelv dry Nonabsorbable sutures are preferred Thiitv- 
eight-gauge stainless steel wire for ties and No 32-gauge for sutures has proved ver\ 
satisfactor} 

One cannot be too careful about infection, it can nullify any operative technic 
Most of our complications come from operating too soon The best preientne for 
infection is an adequate preparation of the patient 

Our experience with sulfanilamide has been quite inteiestmg In the first -’p cases 
w'e used a buffered sulfanilamide It seemed to cause oozing and the accumulation of 
serum in the wounds Nine of the ii complications w'ere in this gioup 
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Severe acute acid-base equilibrium disturbances and changes in the 
legulation of body watei exchange are seen too frequently dining the post- 
opeiative peiiod They occur in spite of seemingly uell diiected fluid 
theiapy Although it is generally lecognized that alterations in renal function 
aie lesponsible for many of these changes, the etiologic factors and the specific 
changes in kidney function that aie imolved must be known befoie theia- 
peutic measures can be employed objectively to correct them and to pre- 
vent them 

In an attempt to determine whether the anesthetic agent that was em- 
ployed had any direct effects upon the kidney, renal blood flow and filtration 
rates were studied simultaneously in human beings preopeiatively, during 
or immediately following operation (patient anesthetized), and in some 
instances postoperatively 

Methods — Seven patients ivho weie to be opeiated upon undei ethei 
anesthesia and foui who weie to be operated upon undei cyclopiopane anes- 
thesia ivere selected for study The opeiative pioceduies weie vaiied 
(Tables I and II) No attempts w^eie made to altei the loutine preoperative 
or operative piocedures To establish a normal foi each individual, pie- 
operative inuliii and diodrast studies w'ere lun before each opeiation About 
an hour before the operation, a hypodermic injection of morphine and 
scopolamine w^as given A solution of 5 per cent glucose was administeied 
during the opeiations Inulin and diodrast studies ivere staited neai the 
end of the operation and w’ere cairied through the recovery stage 

The iiiulin and diodrast cleai ances w^ere carried out, respectively, accoi ding 
to the technic of Alvmg, et al r and Smith, et al as modified by Foa and 
Foa ^ Two Gin of inulm and 5 cc of a 35 per cent solution of diodrast weie 
injected intravenously Fifteen minutes w^ere allow^ed for this to mix thoi- 
oughly in the blood The bladder was then emptied of mine and the cleai - 
ance peiiod w'as started Tw'O blood samples weie obtained at ten-minute 
intervals The clearance period lasted for 30 minutes and, at that time, 
the bladder w^as again emptied and w^ashed Fiom the blood and urine 
concentr ations, the cleai ances weie computed In those cases wiiere changes 

* This work was supported by a grant from the Horace E l 5 .ackham Surgical Re- 
search Fund 

Read before the American Surgical Association ilar 13-14 1943 Cincinnati Ohio 
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were encountered, attempts weie made to obtain postoperative studies These 
were carried out one week after the operation All the cases were adequately 
hydrated and were in acid-base equilibrium, ks far as could be simply detei- 
mined All anemias had been corrected and no significant cardiac disease was 
present All individual temperatures, during the studies, were n ithm normal 
limits 

Results — ^Figures i, 2, and 3 illustrate the variations in renal blood flow 
and filtration rates under ether anesthesia (Consult Table I for data that is 
not included in these figures) 


Table I 





c 

0 

c 





o 

U 

4*1 


c 

o 



d 






rt 

d 

£2 

■ ■ ■ 1m 

0 s 

M 

< 

o 

a 

o 

o t- > 

> 

o d 

2 ^ fij 
cj C. 

•3 

O 

O 

n 

o 

C3 

c 

Cf - 
<^1 

2 

O'^ 

Zl d 

r 

Im 

U 

d 

.o 

o 

y 

« tt 
d 

•2 

rt 

V 

o 

y 

1-! = 

u 
^ J 

Sg 

CJ 

r 

rt 

u 

0) 

03 

(U 

< 

oQ 

S-g 

V) 

<D 

c 

< 

Q, d o 

S to 

q C.O 

2 « 

<ct, 

iF 

^ p 9 o 

r P 

fM ^ 

Co 

Co 

S to 
•2? = 

hS 

5° 

U J 
u B 

cups 

No 1 

K 

33 

Combined A P 

Ether 

preop 

105/65 

1187 

8 

198 

6 

22 

8 

54 6 

4958 

570 

80 5 

A M 



resect of 

rectum 


Operat 

100/60 

1006 

4 

107 

8 

18 

7 


3234 



No 2 

M 

37 

Combined A P 

Ether 

Preop 

125/80 

1449 

1 

138 

3 

19 

2 

64 3 

4149 

355 

91 4 

MH 



resect of 
rectum 


Operat 

120/70 

1369 

0 

140 

7 

19 

8 


4221 

36 

99 2 

No 3 

F 

45 

Hernia 

Ether 

Preop 

105/70 

710 

0 

152 

6 

34 

7 

24 

4578 

294 

90 3 

E B 





Op 

90/50 

1414 

7 

152 

7 

17 

4 


4581 

76 

98 3 






Postop 

110/70 

1094 

0 

138 

4 

20 

2 


4152 

250 

94 0 

No 4 

M 

33 

Plastic 3 hrs 

Ether 

Preop 

120/90 

680 

9 

80 

6 

21 

1 

34 6 

2418 

385 

84 1 

J M 





Op 

125/90 

852 

0 

no 

0 

21 

5 


3300 

38 

98 8 






Postop 

120/70 

839 

5 

101 

7 

19 

9 

36 5 

3051 

420 

86 2 

No S 

M 

62 

Hernia 2 hrs 

Ether 

Preop 

170/120 

785 

0 

224 

3 

53 

1 

33 7 

6729 

46 5 

99 3 

JH 





Preop 

165/100 

844 

0 

213 

0 

47 

8 

31 5 

6390 

300 

95 3 






Op 

90/60 

900 

0 

45 

1 

9 

3 

38 0 

1353 

85 

93 7 






Postop 

170/105 

841 

5 

95 

0 

20 

6 


2850 

424 

85 1 

No 6 

F 

58 

Resection rt 

Ether 

Preop 

160/90 

1045 

7 

140 

3 

20 

0 

30 6 

4209 

416 

90 1 

RS 



colon 4 hrs 


Op 

120/70 

817 

0 

47 

2 

8 

5 


1416 

20 

98 6 






Postop 

170/100 

810 

0 

232 

0 

36 

4 


6960 

402 

94 2 

No 7 

M 

54 

Suprahyoid 

Ether 

Preop 

120/80 

740 

1 

73 

7 

19 

6 

31 3 

2211 

236 

83 9 




3 hrs 


Op 

120/80 

1230 

6 

122 

0 

19 

8 


3660 

56 

98 5 

No 8 

M 

36 

Total 

Avertin- 

Preop 

110/75 

725 

5 

126 

3 

32 

8 

27 8 

3789 

338 

91 1 




gastrectomy 

ether 


90/50 

18 

4 

1 

1 

10 

7 


33 

17 

48 5 


Four patients of vaiiable ages, weights, and sex, who w^eie anesthetized 
for periods of time varying betw^een one and four hours, suflfered no sig- 
nificant changes 111 either renal blood flow^ (diodrast clearance), or filtration 
rate (inulin clearance) as a result of anesthesia and operation The low^ 
preoperative blood flows in tw^o cases (Cases 3 and 7, Table I) are considered 
to be due to nenmus factors during the first determinations This concept 
IS supported by the subsequent observation that the postoperative flow was 
normal (Case 3, Table I) Therefore, the increases in renal blood flow' 
(Cases 3 and / ) betw'een the preoperative and the operative determinations 
are not considered to be experimentally significant Two patients (Cases i 
and 5, Table I) suffered diminution m the rate of glomerular filtration without 
a fall in renal blood flow' One (Case 5) experienced a sustained decrease 
for one week follow'ing his operation 

During, or immediately following, thoracoplasties performed undei cyclo- 
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propane anesthesia, glomerular filtration lates decreased significantly in all 
of the patients studied (Figs 4, 5, 6 and 7, and Table II) Renal blood 
flows were variable, two increased (Figs 4 and 5) and Uao deci eased 
(Figs 6 and 7) One of the increased flows was observed wdnle blood and 
pulse pressures w'ere lowered (Fig 5) The two patients in wdiom decreased 
renal blood flows w^ere noted bad low' blood and pulse piessures during the 
tests (Figs 6 and 7) In one instance (Fig 7) “total ’ renal failure occurred 
The urinaiy outputs, 111 spite of large amounts of mtiavenous and oral 
fluids, were low during the first 24 hours postoperatively (Figs 5 and 7) 
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The one patient wdio bad an etber-avei tin anesthesia (Case S, Tabic I) 
sbow'ed a seveie deciease in both lenal blood flow' and filliation rates 
Fuitbei obseivations on the effects of aveitin-etbei and aveitm anesthesias 
aie now in pi og less 

Discussion — The inulin (glomeiular filtration) and diodiast (lenal blood 
flow) cleaiances of a compai atively laige number of patients w'ho aie operated 
upon under skilled ethei anesthesia do not decrease (Table I, Cases 2, 3, 4, 
and 7) In tw'o instances (Cases i and 5 Table I), the filtiation late de- 
ci eased with anesthesia but renal blood flow' w'as not changed significantly 
The lovvei filtration rate duiing anesthesia in Case i (Table I) was still 
w'lthin normal limits Howevei, in Case 5 the filtiation late declined 78 
pei cent, and w'as fai below normal immediately follow'ing the opeiation 
One patient (Case 6) suflfeied significant falls m both the rate of filtiation 
and renal blood flow during the operation 

In view of the relatively large number of patients w'ho show'ed no sig- 
nificant changes in inulin or diodrast clearances during light or moderatelv 
deep anesthesia, even though the anesthesia was prolonged, it is felt that 
any changes that occurred in glomerular filtration rate and in renal blood 
flow (tubular excretion of diodrast) during operation under ethei anes- 
thesia, were probably the result of factors other than the possible primary 
action of the anesthetic agent upon the kidney parenchyma It is probable 
that in one instance (Case 5, Table I) a severe vasomotor control derange- 
ment due to an overdose of ether w'as the direct cause of the relatively 
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seveie and piolonged i eduction of the filtiation rate The opeiation was 
simple, a bilateral inguinal herniorrhaphy, and blood loss was minimal The 
low opeiative filtration late existed concomitantly with low blood and pulse 
piessures The fall m pulse and blood pressures occurred while an inex- 
perienced anesthetist was cariymg the patient m plane 4, S III ^ What 
part his mild hypei tension may have played m the picture is unknown 
His urine did not contain blood, casts, or albumin The significant deci eases 
in both lenal blood flow and glomerulai filtration rate m Case 6 (R S ) 
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Fig 4 


weie possibly due to an acute blood volume 1 eduction incident to an extensive 
and piolonged operation 

The obseivation that the glomerulai filtiation late fell m all of the patients 
studied during cyclopiopane anesthesia, legaidless of lenal blood flow 01 
blood piessure changes, seems to indicate that a dnect effect of the anes- 
thetic agent upon vasomotoi mechanisms may be lesponsible for these 
changes However, in this series of expeiiments no data pertinent to acid- 
base equilibrium are available Without such data one cannot rule out the 
possibility that the respiiatory acidosis, which is usually associated with 
cyclopropane anesthesia, may have been directly lesponsible for the diminu- 
tion in the glomerular filtration rates, especially in those cases in which 
renal blood flow increased 

There IS no evidence in either gioup of observations that anesthesia 
blood volume flow reduction or othei variations fiom tbe normal incident 


* Plane 4, S III denotes suigical anesthesia with complete intercostal parahsis 
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to surgery effect any changes m the reabsorptive capacities of the renal 
tubules The fraction of the glomerular filtrate reabsorbed by the tubules 
was either the same oi greater during anesthesia than the controls in all 
patients except two (Case 8, Table I and Case 4, Table II) The respective 
urinarjr ionic and nitrogen concentrations m the preoperative and operative 
urines of Case 8, who suffered a decrease in the reabsorption fraction of 
glomerular filtrate, are not known, so that no statement can be made regarding 
tubular function However, in Case 4 (Table II) the concentrations of the 
sodium ion, the chloride ion, ammonia nitrogen, and total urinary nitrogen 



Fig s 

were 6 6, 7, 8, and 78 times gi eater during the period of low fractional 
reabsoiption (anesthetic period) than they were during the postoperative 
period of high reabsorption The urine flow during the latter period was 
seven times greater than it was during the former Therefore, although 
granting that these relationships may be fortuitous, since no attempt at 
balance control was made, it is probable that no great decrease in tubular reab- 
sorptive capacity occurred during anesthesia in this instance, although the 
fi action of glomerular filtrate reabsorbed decreased, because the ionic and 
nitrogen concentrations and urinary flows underwent equivalent recipiocal 
changes The 1 datively high concentration of ammonia nitrogen in the urine 
collected during anesthesia from Case 4 (Table II) indicates that the 
tubular cells retained their capability of effecting deaminization of ammo- 
acids and, therefore, were still capable of a considerable base saving — a 
tubular function of importance — in spite of anesthesia and a very low renal 
blood flow Also, it IS of interest that glomerular capillary permeability was 
not grossly increased by anesthesia or reductions m renal blood flow because 
no albumin or red blood cells were found in the operative or postoperative 
urines 

The lack of evidence for a gross increase in glomeiular capillary permea- 
bility, for decreases in tubular excretion and reabsorptive capacities, or for 
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an increase in tubular permeability during ether and cyclopropane anesthesia, 
indicates that the variations in glomerular filtration rates and urinary outputs 
during and following the administration of these anesthetic agents are 
probably due, m the greater part, to primary derangements in acid-base 
equilibrium, in bod}^ water and ion distribution, and in cardiovascular func- 
tions incident to anesthesia, blood loss, and visceral trauma Therefore, 
direct solutions of the problems concerned with the maintenance of homeo- 
stasis, especially in regard to acid-base equilibrium and renal function, during 



Fig 6 


and immediately following opeiations performed under ether and cyclopio- 
pane must await further studies of water and ion distribution, and acid-base 
balance in man under conditions that pertain to anesthesia and surger> 
Although the solutions to these pioblems will necessitate the expenditure of 
a great deal of effort and tune, it is likely that they will be more practical 
of solution than they might have been should ether and cyclopropane have 
a direct effect upon the kidney parenchyma 

CONCLUSIONS 

1 Inulin and diodrast clearances are not affected by ether anesthesia 
provided that the anesthesia is well controlled and significant blood volume 
reduction does not occur 

2 The inulin clearances of all the patients studied were depressed during 
cyclopropane anesthesia, the simultaneous diodrast clearance changes vere 
variable, two inci eased and two decreased during anesthesia 
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3 Evidence was obtained that ether and cyclopiopane had no gioss eftect 
upon glomeiLilar capillary permeability, tubular reabsorptive capacity, tubular 
peimeability, or tubulai deaminization of amino-acids (ammonia production) 

4 Because of the f adui e to demonstrate any deletei lous action of ethei oi 
of cyclopropane upon the kidney parenchyma, the variations in glomerulai 
filtration rate and renal blood flow, that occur during anesthesia, are prob- 
ably, in great pait, due to a combination of the “extrarenal” actions of 
these agents and the operative procedures The disturbances in acid-base 
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Figs 4, 5, 6 and 7 — The effects of cyclopropane anesthesia upon inulin and diodrast clearances 
in man 


equihbiium, body watei and ionic distribution, ionic concentiation. and caidio- 
vascular function, that aie associated with disease, anesthesia, and suigerv, 
ai e considered to be the primary causes foi postopei ative oliguria ( See the 
appended summaiy of eailiei expeiimental woik legaiding the effects of 
anesthesia upon kidney function) * 

* SUMMARY OF EARLIER EXPERIMENTAL WORK 

Pi ingle, ct al (1905) Ether Oliguria, depression of sodium and nitrogen excretion 
Bnt M J , 2, 542 

Hawk (1911) Ether Oliguria, elevation of NPN for 5-14 days in some cases 
J Biol Chem , 4, 321 

Miller and Cabot (1915) Ether PSP excretion 111 335 patients—average depression 
—20%, with fairly rapid recover> Arch Int Med, 15, 369 
Mac Nider (1920) Ether 13 1 dogs— 43 became either temporarily or permanently 
anuric Related to age, fatty infiltration m kidneys No response to diurectics unless 
“glucose protection” had been afforded J Pharmacol and Exper Therap 15 ->40 
Luckhardt and Lewis (1923) Ethylene Safe from standpoint of not producing anuria 
J A M A , 81, 1851 
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Alarx (1931) Chloroform, Ether, Chloral Hyd Edema more easily produced m animals 
by infused salt solution if anesthetic is given J Phai macol and Expet Therap , 

41, 483 

Walton (1933) Amytal, Avcitin, Ether Recovery of diuresis slowest after bar- 
biturates J Pharmacol and Expei Therap , 47, 141 

5 The observations leported concerning the efifects of ethei upon kidney 
function aie in agieement with the earlier obseivations of Silnth'* concerning 
the eftects of spinal anesthesia upon renal function 
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Discussion Dr Frederick A Coller (Ann Arbor, Alich , closing) As Doctoi 
Aloyer stated, there are many things that we do not know about this whole piobleni, 
and we do hope this is a start on the final elucidation 

There is no question but that, usually, in the healthy person these alterations m 
kidney function are unimportant and the patient goes merrily on to recovery Occa- 
sionally, however, the depression of kidney function that may be associated with 
prolonged anesthesia, prolonged operation, and perhaps the associated loss of blood may 
well be important, and even be the cause of death 

In the presence of certain states, that we can briefly summarize as malnutrition 
where there is hypoprotememia, or profound or even moderate anemia — these abnor- 
malities in kidney function may be accentuated I wish to present two cases in which 
the administration of the wrong kind of parenteral fluid nearly led to the death of 
the patients 

Case 1 — G B , age 36, had had a subtotal hysterectomy The opei ation was 
performed under nitrous oxide-ether anesthesia , the anesthesia was carried for four 
hours During the day of operation and for the first four postoperative days one liter 
of saline solution was given intravenousl}" in addition to 2500 cc of other fluids (water 
by mouth and 5% glucose by vein) On the fifth postoperative day she began to 
vomit, and gastric drainage w'as instituted 2500 cc of saline solution nere gnen 
daily m addition to 2500 cc of 5% glucose solution for the next five dajs During 
this later period her distention increased rapidly, urine flow decreased, respiratorj dif- 
ficulties appeared, and peripheral edema w'as noted On the tenth postoperatne daj 
her condition approached exhemts, and it w'as decided to pass a Afiiler- Abbott tube 
into the duodenum through a gastrostoni} Upon opening the abdomen four liters of 
ascitic fluid W'as obtained, and her distention was relieved This fluid contained 279 
Gm % of protein (a/g ratio of i 71) 

For the next four days her urinary output exceeded her oral water intake, and 
her edema disappeared She recoiered 
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The amount of salt that was given to her would be readily handled by a healthy 
individual but she could not do so Why’ We believe that the following physical 
abnormalities were collectively responsible i Anemia (Hb — 54% S ) , 2 hypo- 
proteinemia, and 3 operative obstruction of the right iiretei 

The parentral administration of salt solution in the face of these variations from 
normal resulted in a general deposition of fluids in tissues and body cavities The 
deposition of fluid in the bodj cavities was associated with a large loss of serum 
proteins, m fact, she had as much serum protein in her abdominal cavity as she had 
in her blood stream (4.000 x 279 = mo Gm in the ascitic fluid) and 1,750 (calc 
plasma vol ) x 5 4 = 94 5 Gm in the blood vessels) This finding is particular!) 
interesting m that it is fundamentally similar to Blalock’s observations concerning the 
effects of parenteral saline given to animals in shock 

To summarize, this case illustrates the protein “washing out” effect of relatively 
small amounts of saline solutions when given in the face of anemia and hypoproteinemia 
We cannot say what part the acute reduction 111 renal function that was associated with 
the acute obstruction of the ureter and the prolonged anesthesia played in this picture 
Oftentimes one sees a picture as that which follows Case 2 — A man in good health 
had a five-hour anesthetic, and he reacted very well afterward The total water intake 
for the first day was within normal limits, but the urinary output was low The 
first day he passed only 200 cc of urine This oliguria was probably in greater part 
due to the prolonged anesthesia The next day he passed 1500 cc of urine, a mild 
diuresis that is commonly seen on the second day following ether anesthesia However, 
in spite of this diuresis, there may not then have been enough urine put out in the first 
two days to care for the excretion of his phosphates and his sulphates, which have 
preferential rights of excretion over the chlorides, and so chlorides that may ha\e 
been given in slight excess during these two days would tend to be retained 

The following day he became distended, began to vomit, and had liquid stools 
(We find that saline retention is a very common cause of distention and of vomiting) 
His urine was now 400 cc, in spite of the fact that intake had been forced up The 
following day he became irrational, and the salt and glucose solutions were greatly 
increased (Sioo cc-[2,5oo of saline]) to cover the losses from the gastro-intestinal 
tract, with the result that his urine dropped down to almost nothing 


M 

We then gave a liter of sodium lactate-—, and within eight hours he had excreted 

o 

1150 cc of urine, and 14 hours after the sodium lactate was given he was eating and 
drinking, and was fully rational 

There are seemingly two types of retention of fluids We think that both of 
these stormy postoperative courses could have been avoided had we been more cautious 
in the use of the salt solution I think I can give one or two rules that we are now 
following that enable us to avoid these complications which occur during the post- 
anesthetic period and occasionally in those who have not been operated upon— the 
anemic, the malnourished, and the nephritic 

Do not give salt solution unless there is a definite indication for its use This 
means that the patient must have lost salt before you see him, eg as a result of 
vomiting, diarrhea, fistula, sweating, etc We prescribe it with the same care we pre- 
scribe_any potent drug, such as digitalis or morphine We think it is unwise to -^ive 
salt solution for three days, at least, after operation, unless there is a very definite 
indication for its use If salt solutions are to be gnen it is necessary that a nearly 
normal urine flow be established before the injection is begun To establish a urine 
flow glucose solutions are used 


According to the very outstanding work of Wolfe, of the 
It now looks as though, if one wishes to replace salt losses, 
solutions not as normal salt solutions but as solutions of five 


University of Rochester, 
it IS wise to give salt 
-tenths per cent or less 


of fte that one may enconnter ,v.,h tte aclm,n,„ra„o„ of normaT s'aU sSoton” 
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A great deal of attention lias been focused on the kidneys in recent years All 
of us are familiar with the N\ork on hypertension as produced by the Goldblatt method 
Much interest has been displayed m the renal failure that may occur after crush 
injuries and after burns In connection with crush injuries the most interesting recent 
comment is that of Bywaters, to the effect that one should ignore the shock that may 
appear early and should promote diuresis by giving large quantities of fluid before the 
renal blood flow is speeded up by the giving of plasma or blood Now Coller and 
Mojer, and their associates add to the interest of surgeons in the kidneys by their 
important observations on the effects of anesthetic agents 

Although the kidneys are not very large organs, approximately one-fifth of the 
total cardiac output passes through them Most tissues in the body react to a 
decreased blood flow by extracting increased portions of oxygen from the blood 
Such is not the case with the kidneys unless the blood flow decreases greatly In 
other words, the renal vein o\3’gen content remains high and the A-V difference small, 
except in dire emergencies In other words, in shock the oxygen consumption of the 
kidneys is decreased much more than in most tissues This may have something to 
do with the observations that have been reported today 

On the other hand, Moyer has stated that damage may occur m connection with 
anesthesia even when the renal blood flow and blood pressure are little if anv affected 
The explanation of their findings is not apparent One would not expect anoxic anoxia 
to arise from the use of cyclopropane Possiblj', but not likely, histotoxic anoxia may 
be caused It is possible that anesthetic agents produce harm by reducing the pulse 
pressure Perhaps Doctor Moyer will comment on whether this occurs As regards 
treatment it is apparent that one should give a fluid such as glucose solution where 
the glucose could be metabolized and the water will be available for excretion by the 
kidneys 

Dr Carl A Mo^er (Ann Arbor, Mich, closing) I will answer Doctor Blalock’s 
question first The decreases m glomerular filtration rate during cyclopropane anes- 
thesia seemingl}'- have little relationship to the systemic pulse pressures, decreases in 
filtration rate were noted with elevated as well as with lowered pulse pressures In 
fact, diminutions occurred during periods that were characterized by an increased 

renal blood flow, an increased mean sj'stemic blood pressure, and an increased pulse 
pressure 

We have no objective explanation for the above phenomenon It is possible that 
intrinsic renal changes in capillary filtration pressure might have taken place that 
overshadowed the effects of the systemic elevation of pulse pressure and the increased 
renal blood flow It is also possible that deformations m the various fluid compartments 
of the body that are incident to anesthesia might be responsible for some of the 

diminution in filtration rate There is a mild hemoconcentration and a minor decrease 
in blood volume associated with cyclopropane and ether anesthesias , this would tend to 
decrease the effective glomerular filtration pressure provided that renal capillary 

pressure remained unchanged Should the decreases in glomerular filtration rate that 
are associated with cyclopropane anesthesia (without hypotension) be due to the 

relatively small changes in osmotic pressure of the blood that are associated with 
anesthesia, it will be necessary to grant that the physical state of the blood that is 
being supplied to the kidney has more to do with the rate of glomerular filtration 
than has been suspected 
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REVIEW OF 202 PATIENTS TREATED BY FEMORAL VEIN INTERRUPTION 

Arthur W Allen, M D , Robert R Linton, jMD , and 
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Boston, Mass 

, PROM THr SURGirVI DCPVrTMPNT M\SSACIIUSrTTS crNCRAL IIOSriTAr HOSTON M\SS 

The relationship of venous thrombosis and pulmonary embolism lias 
long been established Postopei ative pulmonary complications fiequentl) 
ascribed to otbei causes have been due to infant The source of emboli 
has been generally considered mysterious and often no sign of thrombosis 
was appaient piioi to the fatal episode This state of aflfaiis has brought 
about an attitude of gieat feai concerning the possibility of sudden death 
duiing illness or following suigical pioceduies but has been accepted as an 
unavoidable sequence of events in a small peicentage of cases Although 
pulmonaiy embolism in the presence of well-defined thrombophlebitis has 
been undei stood, tbeie have been many sudden deaths due to embolism 
the source of which lemained obscuie Giadually, theie has come about a 
bettei undei standing of the pioblem and the ladical methods foi i educing 
the morbidity and moitality 

Thrombophlebitis is appaiently moie common in some geogiaphic. local- 
ities than others It seems that there is greatei frequency of this disoidei 
in New England than in the deep South Pei haps this discrepancy is due 
to the same climatic variance commonly known legaiding respiratory tiact 
infections Ochsnei- has popularized the term “phlebothiombosis,” which 
signifies a noninflammatory lesion Homans- prefers the teim “bland 
thrombosis,” and both refer to a condition of venous thiombosis not asso- 
ciated with inflammation This type is insidious in onset, produces little 
warning of pain, swelling, and fevei, so that the condition is not suspected 
until infaict occurs The thiombus in this instance is nonadheient to the vein 
and IS easily dislodged It is m these cases that we have oui most seiious 
problem and greatest number of deaths from pulmonaiy embolism In 
true till ombophlebitis with pain, swelling, and fever the thrombus is moie 
or less fixed to the wall of the vein by the inflammatory piocess and althoiwh 
it is well known that embolism occurs in this variety, it is in fact less likely 
than in the nonadherent type 

Although the source of infarct and fatal embolus have been correctly sup- 
posed to come from the veins below the vena cava in thrombophlebitis' there 
has been a slov recognition of the fact that pulmonary embolism may occur 
m apparently well and afebrile patients Pelvic veins have been accredited 
with the focus in many cases and often veins in the neighborhood of the 

*Read by title before the American Surgical May 13-14 104, Cm- 

cinnati, Ohio ^ j -t, 
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wound have been suspected Although infaicts may arise fiom these smallei 
\eins, It is now believed that they are infrequently the soince and nevei 
pioduee a sudden, massive fatal embolus The heait has long been known 
to harboi thrombi, paiticularly in the auiicles duiing or following fibrillation 
Doubtless, a small percentage of fatal emboli do have then origin in the 
I ight heal t 

Piettiii’' found that 133 out of 144 fatal emboli, studied by him, oiiginated 
in the legion diained by the infenoi vena cava, and 91 of these patients 
had involvement of the femoial 01 iliac veins 

Hampton and CastlemaiP have demonstiated the clear-cut loentgenologic 
picture of infarct and have made it possible to diagnose tins lesion w ith gi eat 
accuracy They have further shown that 95 per cent of all emboli e;?cclusive 
of heart origin can be traced to the leg veins These thromboses ustiall} 
start in the veins of the calf muscles and propagate into the largei veins 
of the leg The long, stiaight femoral vein can harbor enough thiombus to 
comjfietely occlude the pulmonary aiteiy if it becomes free at one time 
Actually, repeated minor infarcts, or at least sublethal emboli, ma} piecede, 
foi several days and rarely for several weeks, a fatal episode 

MORBIDITY AND MORTALITY 

Davis’^ studied the records of the Massachusetts General Hospital pi 101 
to 1925, and found that fatal pulmonary embolus occuiied m three patients 
out of each 1000 subjected to operation Millei and Rogeis® found, in 
the same institution, that seven patients died of embolus out of 206 wuth 
clinical thrombophlebitis Welch and Faxon,' in a later study, found the 
latio of deaths to phlebitis to be about the same (i to 25) They also 
found that one patient m thiee, with phlebitis, w^ould have an infarct 
Actually, the rate of fatal embolism has been reduced to one m each 800 
operations perfoimed m this institution This reduction w^as bi ought about 
by a better understanding of venous stasis Patients weie encouraged, and 
actually aided, m fiequent body exercises, deep breathing, and the leg 
veins kept empty by elevation of the foot of the bed In spite of these, 
safeguards, there continued to occui sudden deaths from massive embolus, 
many disabling infarcts, and much concern regarding the outcome in patients 
ivho developed thrombophlebitis The morbidity m this group of cases was 
great Many of the staff felt that a minimum of six wrecks absolute bed-rest 
was imperative It was found by Miller and Rogers that fatal embolus 
had not occurred in this group after the 27th day of the disease One could 
never be sure w'hen the process would involve the second leg, thus pro- 
longing the hospital stay Not only was this a painful, perilous period foi 
all concerned but the patient often developed a permanent sw^elling m tlie 
aftected leg, frequently resulting in postphlebitic ulcer 

Many attempts w^ere made to improve the situation Among these were 
the use of thyroid extract, heparin, leeches, and lumbar sjmpathetic block 
Tim Old extract w’as given to the postoperative patients on one of the two 

729 



Anrnh of Sur^jcri 
<)( lohtr 19 H 


Af I EN, LINTON AND DONALDSON 

surgical services for a year, and at the end of this period no difiference in 
the two groups was apparent Leeches were difficult to manage but in a few 
instances of careful treatment of established thi ombophlebitis by this method, 
the results were not spectacular Heparin, ivith all its attended difficulties 
and cost, was amazing in its action wdien used according to the dictates of 
Murray ® Patients wnth thrombophlebitis on heparin w ould rapidly become 
afebrile and their legs symptomless Since the action of this substance 
was not supposed to dissolve the original thrombus but prevent propagating 
thiombi, it was not surpiising that difficulties concerning its use arose 
Phlebitis w^ould remanifest itself either in the original leg or its fellow 
after discontinuance of the duig Infarcts took place after prolonged use 
of heparin, w'hen it was stopped, and in one instance a fatal embolus occurred 
We believe that heparin has its uses but need no longei be considered neces- 
sary m all cases It is particularly helpful as a preventive measui e in patients 
with a previous history of phlebitis, in patients who continue to have small 
infarcts after vein interruption, and as a preliminaiy to dicumarol adminis- 
tration It may w^ell be moie effective in the treatment of bland thrombosis 
than in true thrombophlebitis We aie of the opinion however that simpler 
and safer methods are available 

Lumbar sympathetic block, first advocated by Leriche and Kunhn,*' and 
popularized by Ochsner and DeBakey,^® is a very useful procedure The 
patient is more comfortable wnthin a few' minutes and morbidity is decreased 
It IS necessary to repeat the block wntli such frequency that many of our 
patients object strenuously to the necessary needle punctures of the lumbar 
region We have come to look upon it as a valuable preliminary to more 
radical measures and use it occasionally in this manner We feel that, as 
a theiapeutic measure in the type of thrombophlebitis wdiich we see, it is 
associated with too many disadvantages to warrant its complete adoption 

We have had too little experience wuth dicumaiol to warrant any expres- 
sion of opinion regarding it at this time The drug has great possibilities 
in the prevention of thrombosis in suitable cases Further safeguards are 
necessary before its use can be widely adopted 

Homans“ is responsible for bunging to our attention the feasibility of 
interrupting the deep veins of the leg to prevent pulmonary mfaiction 
Frund Bancroft, Stanley-Brown and Chargaft,^^ Ta}dor,^'‘ and Kulen- 
kampf,^^ have all contributed articles of value to this phase of the subject 
Welch Faxon, and McGahey,i« and Allen,i‘ have published some of the 
experiences with this proceduie from the Massachusetts General Hospital, 
and It IS our intention in this report to analyse the material, up to January 
I, 1943, from this institution 

There has been considerable pressure brought upon us by other depart- 
ments in the hospital particularly by our medical colleagues They feel that 
It IS not possible to determine the source of infarct and that, since femoral 
vein interruption has been associated with no serious sequelae, we should 
undertake this procedure without hesitation We have complied with this 
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leqviest because the operation is simple and distiiibs e\en seiioiisl} ill 
patients veiy little, and because ^\e have found femoral and iliac vein thiom- 
boses in many of the caidiac patients who have had infarctb We hoped that 
our analysis would make it possible to eliminate some of the obviously 
uiiiiecesscti}^ inter luptions and tliat we might set-up more clearly defined 
indications foi the procedure 

Between 1937 and Januai} i. 1943, ve have inteirupted the fenioial 
vein or veins 111 202 patients Bilateral opeiations. eithei at the same 
time 01 at subsequent dates, bung the total deep veins mteiiupted to 
280 (Table I) The tremendous inciease from 55 interi options in 1941 
to 211 in 1942 is due to inci eased confidence m the proceduie and to an 
inciease in the numbei of bilateral operations 

Table I 

NUMBER or FEMORAL VEIN INTERRUPTIONS IN 202 PATIENTS 
Massachusells General Hospital 
(■According to Year) 


1937 

1 

1938 

0 

1939 

8 

1940 

5 

1941 

55 

1942 

211 

Total 

280 


The sex ratio is surjDrising, in that \\t find that 126, 01 62 per cent, of 
the patients operated upon aie males We had expected that, inasmuch as 
thrombophlebitis was moie common 111 the female, bland thromboses would 
also prove more common in this sex In this institution the sex latio 
of patients is almost equal 


0-10 

Table II 

AGE or PATIENTS IN DECADES 

202 CASES or THROMBO-EMBOLIC DISEASE 

Massachusetts General Hosptlaal — 1 Q 37 - 1 Q 42 {Ind) 

1 

0 S7f 

10 20 


4 

27 

20-30 


9 

4% 

30-40 


24 

127 

40-50 


37 

18%’ 

50-60 


53 

26% i 

60-70 


49 

24 %‘ 

70-80 


25 

13% 


Total 202 

The age distiibution is important (Table II) We knew that fatal 
embolus was rare in the young patient and that the danger of tins com- 
plication vas in a direct ratio to the patient’s age, from a study of this phase 
of the subject made in our clinic by Welch and Faxon ‘ \A'e are, therefore 
not surprised to find that 81 per cent of the patients receiving femoral 
vein interruption were over foity }ears of age One may well ask wh\ 
the opei ation w as undei taken m the ) ounger age-group at all The reasoning 
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IS logical, since the operation is simple, it piotects the patient fiom the 
added moibidit) of pulmonary mfaicts and the piolongcd hospital sta\ 
fiom the tenons thiomhosis and also eliminates the ehaiite of <i laie fatal 
embolus 

Table III 

AN\I\SISOr 202 C\sr‘5 TIIROMBO EMBOLIC DISI VSI TRr\Trnin IIMOI \I M IS INTI I Kl ITIOS 

/K C 1 Ml Tfi/ //o?/);/n/ — IO^T lOI^ iliiil) 

Niinibci of Tein": iiitcnuptod 


Right commoii femoial 

27 


20 ', 


Right superficial femoral 

lOi 


SO', 


Total (right) 


1 lO 


If.'. 

Left common femoral 

49 


2->1 


Left superficial femoial 

111 


7V< 


Total (left) 


l-iO 


’4';i 

Total 


280 




Number of unilateral operations 124 01 ''c 

Number of Bilateral operations 78 c 

An analysis of the veins inteiuipted is shown in Table III ^^'e had 
supposed that theie w'ould be a gieatei mimbei of left \eins opeiated 
upon since thei e has been some statistical data on an anatomic basis to suppoi t 
a gi eater frequency of tin ombophlebitis in the left leg veins Oui tendenc) 
to inciease the nuinbei of bilateial ligations may have influenced these figures 
The location of inteiiuption above oi below' the profunda femoiis vein 
may be of little unpoitance. although we have contented oui selves with 
the superficial femoial vein in from 75 to 80 pei cent of the cases We 
thought this procedure would result in a shoitei peiiod of postopeiatne 
edema, and, occasionally, even m the piesence of profunda femoiis thiom- 
bosis, we have not always inteiuipted the common femoral Actually, wdien 
one removes the thrombi by suction fiom the iliacs, it may make little 
difference where the vein is ligated and divided, usually, however, if the 
profunda is thrombosed, the intenuption has been above it It is quite 
likely that some of the rare infarcts, that occurred aftei superficial femoial 
interruption may well have come fiom the piofunda vessels 


Table IV 

INDICATIONS OF VENOUS THROMBOSIS 

No of cases with chest pain as first symptom g 2 

No of cases with leg signs as first symptom j 2 q 

No of cases with suitable charts for study 
No of cases with positiv e clinical chart noted 
No of extremities examined for sivelhng 
No of extremities showing swelling 

No of extremities examined for tenderness 23 j 

No of extremities showing tenderness ^ ^ ^ 

No of extremities examined for Homans sign* 

No of extremities showing positive Homans sign 

niomans sign is a term used m our clinic Dr John Homans calls it the dors, flex, on s.gn It ,s 
out bv dorsiflexwn of the foot with the knee straight If the patient complains of pain ri soreness ,n 
muscles when this is done the sign is interpreted as positixe for tenons thrombosis 


earned 
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Indications foi ienioial \ein inteiiuption aie shown in Table 1 \' Fitti- 
nme per cent of the cases had leg signs oi symptoms as the fiist indication 
of trouble, while 41 pei cent had chest pain first This undoubtedly explains 
the fact that theie has been an occasional fatal embolus during an otheiwise 
apparently normal convalescence, in spite of oui alertness regaidmg bland 
thiombosis AVhen the clinical chart shows an elevation of temperature, pulse, 
and lespnation, one should examine the patient’s legs with utmost caie 
and if niinimal signs are noted, pioceed with bilateral femoral vein mter- 
luption We regiet to say that, due to the difficulty m maintamnig a 
four-hourly chart, many of these early warnings are missed Also, we 
believe it is important to have an eleration of temperature, pulse, and 
lespiration together, since one 01 two of them may be elevated while the 
second or third, 01 both, may be unchanged 

Phlebograph} appealed to be the solution to the question of a leliable 
indication for vein mteriuption Welch, Faxon, and AIcGahe)^'’ became 
expert in the technic and iiitei pi etation of the films and felt, at the time ot 
their publication, that it was a reliable and desiiable method of procediue 

Tablp V 

PHLEBOGRXMS 


Positne with positne clinical findings 

S5 


67^, 

Xegatite with positnc clinical findings 

27 


33', 

Total 


82 


Positive with negatue clinical findings 

19 


41', 

Negatite with negatue clinical finding*- 

27 


W'c 

Total 


40 


Positive with pulnionarj emboli 

33 


49 ,i'( 

Negatue with puhnonarj emboh 

34 


>0 7‘, 

Total 


67 


Positive phlebograms 

78 


54 ''t 

Negative phlebograms 

67 


40', 

Total 


145 


No femoral veins interrupted — 1941 


S3 


No phlebograms — 1941 


36 

68'o 

No femoral V ems interrupted — 1942 


211 


No phlebograms — 1942 


104 

50'’c 

Table V show^s the exact experience we have had 

With phlebo 

gi anis 

Theie 


IS a definite tieiid to rely upon this test less as time goes on The finding of 
positive clinical evidence of thiombi wuth negative phlebograms in one-thiid 
of the cases makes us feel that only in veiy doubtful or bordeiline cases 
IS phlebography indicated Furthermoie, the ideal time to intenupt the 
femoral vein is wdien the venous thrombosis is still localised to the low’Ci 
leg, and it is in these cases that phlebography is most difficult to interpret 
We have come to depend on the clinical examination and believe th.it phleliog- 
laphy will be used less during the present year than in the past in our clinic 
The reliability of our decision for \enous interruptions in the 202 patients 
operated upon are indicated in Table VI In patients with infarcts 35 7 
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Tvnu VI 

202 mTIHNTS \MTH TEMOR M. VEIN INTERRUITION 

Thrombi Found at Thrombi Not Found 
Operation at Operation 

Patients with infarcts 30 ’•f 

Patients without infarcts 

cent still had thrombi m the veins, wliile in those operated upon before 
infarct occurred, 47 4 pei cent had thrombi Tins we lieheve is significant 
and shows piobablv that the diagnosis of thrombosis should be followed 
b}^ venous inteiruption before infarct takes place if possible The negative 
explorations mean that the thiombus, or a poition of it has eithei left the 
vein or is still in the loiver veins of the leg 

Dunng 1942, nian)'^ vein niteiruptions iieie undertaken upon patients 
with symptoms localized to the lower leg, and in this gioup thrombosis of 
the femoral vein is not expected Our 2>resent opinion is that if possible, the 
operation should be cairied out before thiombosis has extended into the 
femoral and iliac veins As our diagnostic acumen improves in detecting 
early thiombosis, the numbei of negative exiilorations will increase yet the 
piotection afforded by the operation is not diminished 

Table VII 

MORBIDITI STATISTICS IN CASES OF THROMBO EMBOLIC DISEASE TRE\TrD B1 M IN INTI RRUPTION 
Afassachusetls General Hospital — Tfij/ {Incl ) 


I Days after vein interruption to flat chart 

No of cases 162 

A\ erage no of dai s 45 

11 Days after ligations to discharge from hospitnl 

No of cases 84 

Minimum no ofdajs 3 

Maximum no of da>s 13 

Average no of duj s 8 4 


Table VII gives an idea of the morbidity following femoral vein mter- 
luption It is to be noted that only 162 cases w^ere available foi the stud}'^ 
of the clinical chart, w^hile only 84 patients could be evaluated on the basis 
of hospital stay These are not selected howievei, and w^e believe represent 
a true picture of the situation Obviously, it w^as not fair to include in these 
data, the records of patients lemammg in the hospital for heait disease or 
foi the treatment of fractuies or complicated surgical procedures noi was 
it reasonable to include the clinical chaits that w^eie affected by the patients’ 
piimaiy lesion We wash to confirm by these data only the impression that 
we have acquiied a rapid return to health after femoral vein mteruiption, 
and an early discharge from the hospital When one compares these figures 
wuth those available for any other method of treatment used for thrombo- 
phlebitis, it IS evident that the morbidity is tremendously reduced by venous 
interruption 

Table VIII brings out some inteiestmg data The majority of the infarcts 
occur in the low'er lobes of the lungs, and the left low'ei lobe is more 
frequently involved than the right This is thought to be due to the 
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Left lower lobe 
Right lower lobe 
Left upper lobe 
Right middle lobe 
Right upper lobe 


Tablc VIII 

LOCATION OF PULMONARY EMBOLI 


66 

41 

3 

0 

1 


69 5 % 
36 9 % 
2 7 % 
0 

0 9 % 


anatomic arrangement of t)ie pulmonary circulation, and the fact that tlie 
blood flow IS more lapid thiough the lowei than the upper lobes An 
embolus, for this leason will be earned by the swiftest current to lodge 
most frequently in the left and light lower lobes The rarity of embolism 
of the upper lobes may be of value m luhng out pulmonary embolism when 
a questionable lesion is found in that part of the chest 

There were, as we expected, a few infarcts after femoral vein inteiruption 
Eleven of the 202 patients had this complication Two of these patients died 
aftei leaving the hospital One in Case 7 m the analysis of deaths, and may 
well have had a fatal embolus from the unintei rupted vein on the opposite 
side ,He Avas a cardiac, and could well have succumbed to heait disease 
The other patient died suddenly at home, one month after discharge from 
the hospital She had had bilateial supei-ficial femoral interruption, and 
no thrombi weie found at this level At autopsy, some thromboses were 
found in the pelvic veins but the fatal embolus was found to haAC arisen in 
the right auricle The othei nine patients m this gioup recovered, four of 
them Avere cardiacs One patient, Avho had infarcts after prostatectomy, 
continued to have emboli folloAAung bilateial supeificial femoral interruption 
for positive leg signs He Avas given heparin foi eight days and recovered 
Eight of these ii patients had bilateral inteiiuption In retrospect, it seems 
probable that the convalescence could haA'^e been shoitened m the tAA'o suivivoi^ 
AA'ho had unilateial operations 


Table IX 

CARDIAC PATIENTS WHO HAD FEMORAL VEIN INTERRUPTION'*' 

Positive leg signs with clots 
Positive leg signs without clots 

Negative leg signs without clots ^ 

Positive phlebogratns with clots ' 

Negative phlebograms without clots ® 

’''All in this group had infarcts or definite signs of phlebitis Infarcts were doubtless cardiac in origin in 
some instances 

In the caidiac gioup (Table IX), Ave find that in five patients with 
negatiA^e leg signs, no thrombi Avere found m the veins at opeiation on 
the other hand in ten patients aa ith positive leg signs and in eight w ith 
positive phlebograms, no thrombi AA^ere found in the femoral A^eins One 
immediately Avonders if the absence of thrombi at this level could be inter- 
preted on the basis of tliiombi m the veins aboA*’e this region In most 
instances, hoAveA^ei, m this group, femoral vein interruption Avas undertaken 
on niimal evidence of thrdmbosis invoh^ing the veins of tlie loA\er leg, 
so that It Avas not expected to find thrombi 111 the femoral vein The fact 
that the femoial A'^ein is opened and free bleeding obtained from both diiec- 
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tions IS, in oui opinion, evidence that any thrombosis that exists noiild of 
necessity be in the smaller veins of the pelvis or of insufficient size to intei - 
fere with blood flow through the mam veins We are nillmg to accept the 
more likelihood of infarct fiom cardiac oiigin m most of these cases 

Patients who died of their disease and who had been subjected to femoral 
vein interruption, aie anaWsed in Table X Theie are 12 m tins group, 
two of them dying aftei dischaige from the hospital, and aie mentioned above 
All of these patients, ne feel sure succumbed to causes unrelated to 
femoral vein inten uption Perhaps, one patient died fi om embolus originating 
m the uninterrupted vein 111 the opposite leg It is surprising to us that 
such an outcome has not occurred in otheis m oui group We have, m nearly 
eveiy instance, interrupted the vein on all legs that have given us positive 
clues of involvement As a matter of fact, we have found thrombosis in 
so many supposedly normal extremities that we aie inclined to feel that 
simultaneous routine interruption of the opposite vein should be undertaken 

SEQUEIAE 

Sequelae follownng femoial vein inteiruption have been suiprismgly few 
Actually, postoperative edema is the most seiious of these and there 
has been so little complaint on the pait of the patients regarding this 
that it is relatively unimportant In Table XI, w'e have tiled to bring this 
out We w’^ere particularly interested in detei mining, if possible, the dif- 
ference in edema in superficial and common femoral interruption It 
appears that early sw^ellmg is more frequent aftei common femoral mter- 
1 uption but late edema seems to be about the same in both gioups The 
average patient w^ears a w'oven bandage for three to foui wrecks after dis- 
charge and then abandons it as unnecessaiy A few^ are more comfortable 
with supports for long periods of time There seems to be less swelling in 
these extremities than one usually sees following a spontaneous recovery 
from thi ombophlebitis So far, w^e har'^e observed onl}’’ one transient ulcer 
of the postphlebitic type in this group 

Homans feels that there wall be less subsequent edema if the common ihac 
is divided rather than the femoral He has anatomic evidence to support 
this view on the basis of a greater numbei of contiibutoiy veins comino- in 
betw'een the levels of the femoral and iliac A^ems 

In old cases of thrombophlebitis wnth infarct, one may do w^ell to inter- 
rupt the venous circulation at a higher level It is usually impossible to remove 
these old, inflammatory adherent thrombi through an incision in the femoial 
vein Doubtless, it is better to inteirupt the vein above the thrombus if it 
cannot be removed Homans^ prefers to ligate the common iliacs through 
a long oblique ureteral incision retroperitoneally — the right common iliac 
vein is quite easily exposed by this route The left vein lying behind and 
to the right of the artery is more difficult to approach He has reported six 
right and six left iliac vein interruptions 

The feasibility of mten uption of the vena cava in contmuitv through 
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a right loin incision, similai to that used in liiinliar sympathectomy, has 
been demonstrated by one of us’® This is certainly the procedure of 
choice if bilateral iliac interruption was indicated 

The total salvage from femoial vein inteiruption is enormous Although 
It may not be possible to prevent all deaths fiom massive bland thrombi, 
the possibility must be kept constantly in mind, so that minor signs and 
symptoms will not escape our attention On the other hand, the morbidity 
saving IS unquestionable and tiemendous One may decide to attempt 
preventive vein interruptions in certain piedisposed, or elderly indniduals 


This seems to us 

difficult 

at 

the moment, 

Since 

prediction regarding such 

complications is unreliable 

in 

the light of 

our piesent knowledge 





T vni L XI 





POSTEPLRATIVn EDEMA I OLLOWING EEMOR \1 \LIN 

1 ISTLRRM TIOS 




Massachusells General Hosptial- 

-1 037 ’04 

2 (Incl ) 






IMMEDIATE EDEMA 







Number 

of Number Whth 

Number 

W itliout 




Cases 


• , 



Right common femoral 



19 

13 

70f£ 

6 

30% 

Left common femoral 



3-1 

29 

85<7r 

5 

15% 

Total 



53 

42 

80% 

11 

20% 

Right superficial femoral 



78 

37 

47% 

41 

53% 

Left superficial femoral 



82 

39 

48% 

43 

52% 

Total 



160 

76 

47 j% 

84 

52 5% 




LATfc EDEMA 





Right common femoral 



6 

2 

33% 

4 

67% 

Left common femoral 



20 

10 

50%, 

10 

50% 

Total 



26 

12 

46% 

14 

■>4% 

Right superficial femoral 



26 

8 

11% 

18 

69%, 

Left superficial femoral 



31 

16 

52% 

15 

48% 

Totals 



57 

24 

42% 

33 

58% 


OPERATIVE TECHNIC 

The operation of femoral vein interruption as carried out m our chmc 
is as follows The patient is operated upon with a slight elevation of the 
trunk to insure positive venous pressure from above Novocain infiltration 
anesthesia is used The incision is guided by the pulsation of the femoral 
artery in the groin and extends distally three inches in the dnection of the 
vein We believe this allous a bettei letraction of the l3inphatics and a 
minimal division of them — this offsets the advantage of an olihque incision 
making for a fine scai The femoral sheath of the vascular bundle is 
divided longitudinally and the artery retracted laterally The vein is 
exposed over a distance of tvo inches in the center of the vertical skin 
incision This brings into view the common, superficial, and deep femoral 
veins, which aie freed sufficiently to allow a ligature to be placed under 
them These ligatures are left untied and used to control bleeding after 
the vein is incised If the common femoral appears thrombosed, it is opened , 
if It appears umnvolved, the superficial femoral is opened The incision 
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in the vein is made tiansveiseiy and through only the anterioi half Thrombi 
extiude through the incision and are withdrawn from the upper segment first 
Suction, carefully applied, through an angulated glass drinking tube, which 
IS inseited through the vein incision into the iliac, frequently makes it 
possible to clear the proximal segments sufficiently to allow fiee bleeding 
After this is accomplished, the lower segment is cleared of thrombus by 
the same method The introduction of the aspirating cannula pioximalh 
has nevei dislodged a thrombus The previously placed ligatures aie then 
tied and the vein completely divided Transfixion sutuies distal to the 
ligatures aie then used The uound is washed out with salt solution and 
closed without diamage 

The entire proceduie requires about 30 minutes In the inflammatory 
veins, the patient feels slight discomfort during the manipulation of the 
vein Patients are allowed out of bed as soon as they become afebrile 01 
their general condition peimits This is often on the day following the 
lemoval of a bland thrombus We have rarely been tioubled with a short 
peiiod of l}mph drainage through the wound 

SUMMARY AND CONCLUSIONS 

1 Femoral vein inteiruption for the pievention of pulmonar} embolism 
IS a simple, safe opeiative procedure and can be carried out upon veiy ill 
patients 

2 The indications are usually apparent Pulmonar} mfaicts, tenderness 
over the leg veins, swelling of the leg — ^liowever slight, dilated superficial 
veins, discomfort in the calf muscles if the foot is passively doiaiflexed 
(Homans’ sign), and slight elevation of the temperatuie, pulse, and respna- 
tion, are all satisfactoiy guides One usually has to make a decision on one 
or tivo of these criteria, although fiequently all are present 

3 Phlebograms are difficult to interpret and may be misleading 

4 In a large majority of cases, bilateial interruption should be undertaken 
Unilateral mteriuption may be safely done as the indications arise in the 
younger age-group In patients beyond the age of forty, bilateral interruption 
at one sitting should be the rule 

5 We are suie that mechanical lemoval of the thiombus from the vein 
by aspiration is a safe procedure It ceitamly 1 educes the pain and swelling 
in the leg, and hastens recovery 

6 No deaths have occurred in a group of 202 patients as a lesult of 
femoial vein mteriuption 

7 Sequelae are not severe and they aie not disabling 
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]»ER0X1DE OINTMENTS' 

Mokt R Reid, M D , akd W A Altemeier, AI D 

CixciKNATi, Ohio 

FROM THr DrP\RTMrNT OF SURGFR\ , UM% CRStTI OF CINCINNATI, 

AND CINCINNATI GFNFRAI HOSPITAT CINCINNATI OHIO 

Tiic VALUE or PEROXIDE THCRAPY has becoiiie established iii leccnt 
}eais foi a vaiiety of smgical conditions We aie indebted piincipally In 
Aleleney, and his associates,^ 2 > 4 5 c 7 s o demonstiations of its 

capabilities in the tieatnient of piogiessive bacteiial synergistic gangiene, 
chionic undermining burroning ulceis on all parts of the body suiface, gas 
gangiene and tetanus aftei excision of ln^olved tissues, fusospliiiochaetal 
infections of the mouth and neck and human bites infected with these oigan- 
isms, chionic ulcerations of the vagina, peiiiectal and deep pelvic abscesses, 
diabetic infectious gangrene, amebic infection with gangrene, lung abscess 
actinomycosis, and othei malodoious infections It has also been desciibcd 
m the treatment of decubital ulcers,'® foul smelling infected malignant lesions 
and ladioneciotic ulcers by a numbei of autbois The effectiveness 

of zinc peroxide m anestmg the continued hemorrhage complicating chion- 
ically infected bums after all othei forms of theiapy that had been tried 
had failed w^as leported from this clinic" one year ago 

It has also been used postopei atively as a prophylactic dressing for lecent 
accidental wmunds"’ and for wounds lesulting from operations for fecal 
fistulae, pilonidal sinuses and rectal and colonic lesions 

Aloie specifically, pei oxides aie indicated piincipally in the caie of 
wmunds or other lesions caused, or secondarily infected, by anaeiobic stiep- 
tococci, microaei ophilic hemolytic and nonhemolytic streptococci. Cl tefani, 
anaeiobes of the gas gangrene gioup, B melanmoyemcnm, B fusifoniiu, 
Actinomyces, and certain Spirochaetes 

In the past, peroxide therapy has been limited largely to the use of 
hydrogen pei oxide iingations or the daily application of a water suspension 
or cream of zinc pei oxide The chief disadvantage of hydrogen peroxide is 
the rapidity wuth which all of its oxygen is dissipated on a wound surface, 
necessitating frequent or continuous irrigation by this solution Althougli 
zinc peroxide suspended in water has been found to be ^er} effective thera- 
peutically, it has certain disadvantages which tend to limit its use to large 
and well-equipped hospitals 

1 The physical activation of the zinc peroxide powder requires its 
heating for four hours in a caretully regulated dr) o\en 

2 The suspension must be freshly and correctl} made before cacli 
diessmg since it wall not keep, an obvious dlsad^antage on a busy ward, in 
the home, or t he office 

* Read before tlie American Surgical Association, Maj 13-14, 1943, Cincinnati, Ohio 
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3 Daily dressings are required because the oxygen is usually dissipated 
in the wound in 24 hours or less 

4 Suspensions of zinc peroxide and the oxide and hydroxide which it 
forms have a tendency to congeal as flakes 01 concretions which may be 
difficult to remove without causing pain or bleeding from the depths of 
a wound If allowed to temam m the wound for any length of time they 
may excite a local foreign body reaction 



Oxygen evolved trom urea peroxide and t butyl hydro 

PEROXIDE IN CONTACT WITH SHEEP PLASMA AT B7'C 

Fig I 

It IS our impression that the field of usefulness of peroxide therapy 
would be definitely extended if one or more active and stable peroxide oint- 
ments were generally available Until the piesent most attempts to pioduce 
an active and stable ointment have failed principally because of the lack of 
a suitable ointment base In our experience as well as in that of Meleney,^” 
the ordinary grease ointment bases greatly decrease the activity of zinc 
peroxide, while greaseless bases or vanishing ci earns containing zkiic 
pel oxide permit satisfactory evolution of oxygen if used immediately, but 
do not make stable ointments 

During the past one and one-half years, we have studied the problem 
of producing an active and stable peroxide ointment m association with 
the Research Division of the William S Merrell Company Our fiist eftorts 
ivere directed toward the development of a suitable base A satisfactoiy 
base had to be water-soluble yet contain or absorb no water on standing It 
had to have a melting point at body temperature, so that its application would 
be followed by the filling of all the recesses and depths of the w^ound 
insuring intimate and continued contact wuth these surfaces Such a base 
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■was found in the solution of “Caibo\vax”-i540 by one of seveial glycol 
diluents such as he\aeth}lene glycol-polyethylene glycol-300 or nonethyl- 
ene gh col-polyeth} lene glycol-400 The proportions of these constitu- 
ents used can be varied accoiding to the amount and type of peroxide 
to be used The “Carbowax” and the gl}Cols are pioduced by the 
Ccvibide and Caibon Chemicals Coipoiation of New York City “Carbo- 
\\ax’’-gl3col ointment base used on expeiimental and human wounds 
is nontoxic and does not appeal to altei peiceptihly the late of wound healing 



Tig 2 

Using the “Caibow'ax’’-glycoI base it is possible to make a suitable oint- 
ment with zinc pei oxide It is significant that Meleney, working inde- 
pendently and at about the same time, also decided upon “Carbowax” as the 
most satisfactoiy ointment base foi zinc peroxide After considerable expeii- 
mentation with different combinations of “Cai bowax” and the various glycols, 
a satisfactory zinc peroxide ointment was developed having the following 
formula 

“Carbowax”- 1 540 120 Gm 

Nonethylene glycol-polyethylene glycol-400 80 cc 
These are mixed thoroughly in a boiling watei bath until dissolved 
To the cooling solution is added 10 per cent finely milled, activated zinc 
peroxide and 02 per cent of cetyl pyndmiuni chloiide which are stirred 
continuall} until a smooth homogeneous ointment is formed 

Other glycols such as hexaethylene glycol-polyethylene glycol-300 can 
be used satisfactorily -wath the “Carbowax” by varying the proportions 
Merck’s or Mallinckrodt’s medicinal grade of zinc peroxide should be used, 
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and activated by heating to I40°C for foiii houis in a dry oven for best 
^icsults, cvltbongb a less effective ointment can lie prepared from the unactivated 
inateiial Cetyl pyiidinium chloiidc is a wetting agent as well as an effective 
antiseptic, and tbe addition of o 2 pei cent of this substance inci eases the 
amount of oxygen released by zinc peroxide by appi oximately 20-25 per cent 
This ointment is yellowish-white in coloi, model ately greasy in consistenc}, 
has a melting point of 38-39'’C , and a pn of 7 2 If lanolin is added to the 
above foimula, tbe evolution of oxjgen fiom the yinc pei oxide is deci cased 
27 pel cent 



EVOLUTION or OXYGEN FROM PEROXIDES IN CONTACT WITH 
WATER AT 37 C 

Tig 3 

This ointment will release oxygen when coming in contact with watei 
serum, plasma, perspiration, or wound secretion This is impoitant, in 
that oxygen will be evolved from zinc peroxide in an open wound or lesion 
without the addition of watei, the reaction apparently being dependent upon 
peroxidase present in the secietions The greater the effusion of wound 
juices, the greater the release of oxygen over a 24-hour peiiod and, undei 
some conditions, a three- to four-day period (Fig i) During its de- 
composition in water this ointment has a /’n of 9 55, and in plasma a 
Pn of 9 4 

To test tbe stability of this ointment, samples were stored at 37°C 
for SIX months (high above the average room temperature) Under such 
conditions tbe ointment held up well, and the total amount of oxygen evolved 
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lioni a fi\e Gm sample of ointment deci eased only 65 pei cent after two 
months and only 152 pei cent aftei six months The late of oxygen 
leleased aftei this peiiod of stoiage follows the same geneial curve as 
that of the fleshly piepaied ointment It is to be lemembered that the 
decomposition of 7inc pei oxide powdei is much moie lapid dm mg the first 
month aftei its actnation 

Oui clinical tests uith this ointment ovei the past eight months have 
been satisfacton The technic emplo}ed 111 diessing a gianulatiiig wound, 
or othei lesion, consists of pielimiiiaiy gentle cleansing of the suiface with 

OXYGEN EVOLVED from 

ZINC PEROXIDE OINTMENT 



hydrogen peroxide and saline solution, followed by the liberal application 
of the ointment to insuie complete, intimate and lasting contact with all 
parts of the lesion The low melting point of the base facilitates this 
Since the zinc peroxide is gradually decomposed by wound secretions or 
plasma, it is not necessaiy to add water, or to cover the ointment with 
gauze 01 cotton pads soaked m water, although we have usually done this 
A layer of vaseline or zinc oxide ointment gauze is then used to covei 
the area and seal in the evolved oxygen and the vound secietions The 
interval between dressings may be 24 to 72 hours, but our experience 
indicates that it should never be as long as five or moie days because of the 
reaction the residue, namely, zinc oxide and zinc hydi oxide, may produce 
in the wound In such cases a marked increase m the amount of purulent 
exudate may occur and this exudate may also become bloody We have 
thought that this vas the result of a foreign body leaction produced by 
the zinc oxide and zinc hydroxide residue 
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If the piopoition of “Caibowax” is inci eased and that of the ghcol 
IS deci eased, a satisfactoiy base is obtained foi making /me peroxide vaginal 
01 lectal suppositoiies 

Othei pel oxides have been studied to see if an} vas superioi to zinc 
pel oxide foi peroxide theiapy Two mam gioups of pei oxides ueie 
available foi this pin pose, the inorganic and the oiganic The moigamc 
gioLip contained metallic radicals and consisted of /me pei oxide, calcium 
pei oxide, sodium pyi ophosphate pei oxide and magnesium pei oxide The 
01 game gioup consisted of uiea pei oxide hen/o}! pei oxide hen/il peroxide 
and teitiaiy butyl pei oxide 

APPARATUS AND PROCCOURC FOR STUDYING THE! CVOLUTON 
or OXYGCN FROM PEROXIDCS 



ISOML 
, 6URCTTC 


ThC BURETTC is ntUED WITH DISTI LED 
V<*.TCR AND inverted IN THE BEAAER OF 
WATER The sample 15 WEIGHED INTO THE 
FLASK AND THE FLASK STOPPERED AND 
IMMERSED IN THE WATER BATH LONG ENOUGH 
TO WARM THE A«R IN THE FLASK TO 37 C 
THE STOPPER IS THEM REMOVED AND 50 ML 
OF plasma previously warmed TO 37* QUICKLY 
ADOED THE DELIVERY TUBE LEADING FROM 
FLASK TO BURETTE IS PUT IN PLACE AND THE 
LEVEL OF WATER IN THE BURETTE ADJUSTED 
TO THC TOPMOST CALIBRATION MARK 
THE BATH IS MAINTAINED AT 37 C AND 
THE BURETTE IS READ AT APPROPRIATE INTER 
VALS OF TIME 


LEVEL or WATER IN BATH 

jSO M L FLASK 

Tig 5 

The moigamc pei oxides aie insoluble in watei but aie decomposed 
giadiially at a sustained late by water, blood, plasma, and wound secietions, 
giving oft compai atively small quantities of oxygen and leaMiig a lesidue 
The 01 game pei oxides tend to be soluble in water and aie decomposed rapidly 
by plasma, leaving no insoluble lesidue Water, ho^^ever, causes very 
little lelease of oxygen 

To study the evolution of oxygen fiom the vaiious pei oxides, a simple 
but effective apparatus was devised by the Meirell Reseaich Laboi atones, 
^^hlch IS depicted and described in Figuie 2 The late and amount of oxygen 
released by the inorganic pei oxides m the piesence of watei at was 

measured and is illustrated graphically in Figure 3 Zme peroxide after pie- 
Lminaiy activation by heat produces the gieatest amount of oxygen at a sus- 
tained rate If unactivated, the amount of oxygen leleased is reduced 60 pei 
cent The curve produced by calcium peroxide is very satisfactory while those 
by sodium pyrophosphate peroxide and unactivated zinc peroxide are sinnlai 
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to each othci The small amount ot oxygen leleased by magnesium pei oxide 
makes it obMOUsl} not suited toi this pin pose 

A compaiison of tlic e^olutlon of ox}gen fiom the vaiious pei oxides in 
the piesence ot human plasma at 37°C is shown in Figuies 4 and 5 The 
late and amount of oxigen leleased b\ actuated zinc pet oxide in the piesence 
of plasma is leiy similai to that leleased in the piesence of natei. while 
magnesium pei oxide, unactuated zinc pei oxide and calcium pei oxide give 
oft \ei \ small amounts of oxigen The cuive of benzo3d pei oxide is very 
similai to that of actuated zinc pei oxide but its highh explosive and 111- 
fiammable natuie piecludes its use topicalh foi clinical pin poses Uiea 
pel oxide and T-but\l lu diopei oxide both lelease much laigei quantities of 
OX} gen than actuated zinc pei oxide, but the evolution is so lapid that it is 
complete in foui to eight houis, an oluious disadvantage 

Ointments ma\ be picpaied uith each of the above pei oxides using the 
“Caibo\\ax'’-ghcol base Tlie moiganic pei oxide ointments can be made 
stable but the 01 game tend to be unstable Uiea pei oxide ointment it caie- 
fulh made mil lemam stable 

The pn of the \aiious pei oxide ointments m the piesence ot watei and 
plasma is shown in Table I as detei mined lu the Leeds and Noithiup glass 
electi ode potentiometei 



ZnO 

lorr 

CaO 

lOT 

MrO 

10% 

Lrea 

PeroMde 

T Biit\ 1 H\ dro- 
Pero\ide 


lIsO 

Phsma 

HoO 

Plasma 

II 2 O 

Plasma 

H 2 O Plasma 

H 2 O 

Plasma 

5 mins 

7 2 

9 1 

12 0 

11 0 

10 0 

9 75 

3 30 5 90 

4 68 

6 5 

4 hrs 

9 55 

9 4 

n 24 

11 05 

9 9 

9 86 

4 20 5 75 

3 9 

6 8 

24 hrs 

9 30 

9 74 

11 95 

11 13 

10 06 

10 10 

3 35 5 66 

4 14 

6 5 


The lesults aie leiy inleiesting It wnll be noted that the 11101 game 
pel oxides pioduced an alkaline leaction in the piesence of eithei watei or 
plasma, while the 01 game ones gave stiongly acid leactions The low' pn 
guen by urea pei oxide and T-butyl pei oxide and the high pn pioduced by 
calcium peroxide indicate the iiiitant natuie of these substances wdien applied 
to wounds or othei lesions Plasma has a bufteiing action wLich decreases 
to a certain extent the acidity 01 alkalinity of these piepaiations 

Our clinical investigations have been limited to the use of zinc pei oxide 
and urea pei oxide ointments Zinc pei oxide ointment has pi oven satisfac- 
tory when used for specific indications, as described by Meleney We have 
noticed rapid contioi of infection and disappeaiance of foul odois with no 
apparent delay in W'ound healing If the zinc pei oxide dressing was not 
changed at least eveiy two or thiee days, and the lesidue w'as allowed to 
remain on the suiface of a raw or granulating w'ound for a peiiod of five 
or moie days, a maiked increase in bloody purulent exudation occurred, 
presumably from the iiiitant action of this foieign body With three per- 
cent urea peroxide ointment, more frequent change of diessmgs w^eie neces- 
sary since the late of oxygen evolution was lapid and unsustamed Its 
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Vise on infected wounds containing consideiable slough uas usually followed 
by rapid control of infection and sepaiation of the necrotic tissue Although 
urea peroxide does not leai e an insoluble i esidue in the w oiind and although 
It may have a synergistic effect with sulfanilamide oui repeated observations 
show^ It has three veiy serious disadvantages Its local irritant action, a 
marked delay m w'ound healing occuinng with its continued use, and its 
sudden unsustamed release of oxygen The lapid eiolution of oxygen 
p’-oduced by urea pei oxide ointment makes it an effective pi oph} lactic agent 
for lewisite burns Our expeiiinents have shown that application of this 
ointment to the skin as long as ten minutes aftei exposiiie to lewisite vapor 
or liquid will either entirely pi event oi greath dimmish the si/e and seieiity 
of the local lesion 

SUMMARY AND CONCLUSIONS 

The value of active and prophylactic pei oxide theiap} has become estab- 
lished for a variety of suigical conditions Foi most eflectne use pei oxide 
therapy should not be employed indisciimmateh but should be used intelli- 
gently and be limited to specifically indicated conditions It is our belief 
that treatment by Dakin’s solution is still tbe most satisfactoij theiapy for 
the majority of infected gianulating wounds or lesions seen b) the surgeon 
From our studies, it is obvious that the ideal pei oxide for local therapeutic 
use has not been found as yet Each pei oxide investigated has its dis- 
advantages, but of those studied zinc pei oxide still seems to be the most 
effective and satisfactory Its chief advantages aie safety and durability 
of action 

Certain disadvantages of using water suspension of zinc peroxide tend to 
limit its use to large and well-equipped hospitals To oveicome manv of 
these disadvantages and to extend the field of usefulness of pei oxide therapy, 
an active, effective, and stable zinc peroxide ointment has been developed 
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Discussion — Du Fu\nk L Mrnxr\ (New YoikT Doctors A,ltemeier and Reid 
ha\ e made an impoi taut contrib ition to the stud\ ot mu gical infections, as then 
report cleaily indicates There haie been \crj real difficulties in the clinical use of 
zinc peroxide powder suspended in watei The chief disadcantage is that it must be 
kept moist in order to ha\c it remain actne in its oxigcn ciolution and m ordei to prevent 
mechanical irritation of the wound if it dries up This disadiantage may be obviated 
by covering the inncimost diessing (which may be eithei a thin layci ot cotton or 
fine-mesh gauze) with an outer la\ei of cotton soaked m water, w'hich is then sealed 
over with a rubber sheet, if it is a flat surface, or wnth zinc oxide ointment-impregnated 
gauze, if It is a cur\cd surface One great advantage of this diessing is that it can 
be remoied icrj rcadih and is ncicr adheient to the w'ound if it remains moist 
If properly scaled it will lemain moist for 48 houis If the zinc peroxide m this 
dressing is examined after 48 houis it will be found that there is still active zinc 
peroxide present In the perineal w'ound of an abdomino-pei meal operation or any 
deep cavity, it w'lll lemain moist and active for a much longei period of time I have 
left it in a perineal wound for nine days wnthout having it diy Heating is advisable 
to sterilize it and actuate it to its maximum efficiency, but the latest preparations are 
reasonably active wuthout heating and may be used safely m badly infected w^ounds 
The heated preparations do not deterioiate now, as they did formerly, and may be used 
as long as a year aftei activation 

We have been looking for a long time, however, for some medium m wdiicli the 
zinc peroxide w'ould be actne wuthout drying, and have only recently found such a 
medium Quite independently, Doctoi Altemeier and I have both come to the use of 
the glycol preparations known as the “carbowaxes” Gieat interest 111 Afehicles has 
recently been stimulated by the necessity for finding a suitable medium for the sulfonamide 
group of antiseptics, and the “carbow'axes" have been put forward as possibilities m 
this field They represent a w’hole series of glycols vaiying in molecular w'eight and 
running all the way from thin liquids to dense solids The liquids and solids may be 
mixed in appropriate proportions in oidei to give any desired consistency and melting 
point The simpler ethylene glycols aie toxic but tnethylene glycol and the higher 
glycols are apparently nontoxic, and maj" be repeatedly injected into animals in large 
quantities without anj*^ harmful effects 

This is still 111 an experimental stage of development, and the ideal medium wull 
be found, I believe, by further experimentation Doctor Altemeier’s study of the oxjgen 
evolution of these various prepaiations and the hydrogen ion studies are very important 
in this development 

I fully agree wnth Doctor Altemeier that wnth any surgical infection there must 
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be a careful analysis of the active organisms and the appropriate treatment must be 
determined on the' basis of this knowledge Zinc peroxide is not only a bacteriostatic 
agent but bactericidal for the anerobic and micio-aerophihc organisms as well as for 
many of the aerobes, particularly the hemolytic streptococcus and other aerobes which 
are susceptible to peroxides It also neutralizes, probabh bv oxidation, manv toxins both 
bacterial and chemical Among the latter are the poison ny toxin and the irritating 
chemicals of mustard gas and lewisite In addition, in the higher concentrations it is 
also bacteriostatic for such organisms as staphylococci and pjocianeiis For its 
effective action, there must be close contact and if a uound has a considerable amount 
of slough this must be largely separated first Dakin solution is the best means we now 
have of liquefying the slough How’ever, there are main limitations to its use which 
are too well known to mention here It w^as hoped that urea could be depended upon 
to liquefv slough, but it delavs W'ound healing and has otlier disadrantages 

I w'ant to congratulate Doctor Altemeier on the work he has done in this field, 
and I hope that others wall follow the investigations both in the laboratory" and in 
the clinic 

Dr William A Altemeier (Cincinnati, Ohio closing) I wish to emphasize again 
that w'e believe zinc peroxide therapy should be limited to specifically indicated lesions 
and should not be used indiscriminately We belieye, too, that the intelligent use of 
Dakin’s solution is still the most effective form of therapy for the average infected 
granulating yvound seen by the surgeon 


ERRATUM 

Traumatic Shock An Experimental Studv Including Ewdence Against the 
Capillarv Leakage Htpothesis Jacob Fine, MD, Arnold M Seliginan, kl D , and 
Howard A Frank, M D Annals of Surgerv, ii8. No 2, 23S-255, August, 1943 

The name of Hoyvard A Frank, M D should be deleted as a co-author, and also 
removed from the running heading 
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Liver Necrosis in Burns F W Hartman, kl D , and H L Romence, kl D 
Annals of Surgery, 118, No 3, 402-416, September, 1943 

The original manusciipt of this article yvas recened for publication in the Annais 
OF Surgery, klarch 17, 1943, haying first been submitted to the National Research Council 
on February ii, 1943 It had been scheduled to appear in the Annais of Surgery for 
Maj", 1943, but had to be deferred to the September issue because of paging limitations 
The paper yvas read before the American Society of Clinical Pathologists, Chicago, 
June 5, 1943 
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EXPERIENCES OF A SURGICAL CONSULTANT OF A 
SERVICE COMMAND^ 

Colonel Rr vdley L Coley, M C 

SURGICAL CONSUITVNT niGIITH SCRVICH COMMAMD 

Dai I AS, Ti\as 

Ar.oul A \i:\.R m.o the Suigeon Geneial of the United States Aimy 
established a consultant seuice foi the Sen ice Commands compiised of staff 
of thiee medical offfceis qualified in medicine, smgeiy and neuiopsychiatry 
Then duties aie to exaluate the piofessional qualifications of the medical 
peisonnel. appiaise new theiapeutic methods and agents and coordinate pio- 
fessional piactice bx local discussion xxith hospital staffs of such pioblems as 
max piesent themselxes 

It has seemed of iiiteicst to piesent some facts legaiding the scope of 
the actixities of the suigical consultant to a Seixuce Command, to shoxx' the 
mannei m xxhich he functiom and to discuss biiefly some of the problems 
encounteied and show hoxx thex aie being met 

The xaiious fields of medicine and suigeix xxeie assigned by the Surgeon 
Genei al as follow s 

Mldicine All medical sjiecialtics (except neuiopsvdnatrx ) x^enereal 
d’sease, deimatologx dietetics and clinical pathologx 

SuRGLUX All suigical specialties (including uiology, otoihmolaixngology 
1 adiolog} and phx sical therapx ) 

Xeuropsxciiiaiky Neuiologx, jisxchiatix and xxar neuioses 
The folloxxing lemaiks xxill be piincipally confined to the field of 
suigeix 

In 01 del to undei stand the hospital pioblem m an aimy at xxai one 
should appieciate fiist of all the difficulties nndei xxhich a nexv installation 
IS set up In times like the piesent. a hospital of one oi txx o-thousand beds 
IS cieated m a cotton field or coxv pastuie in a fexx’- months’ time There- 
after, a hetei ogeneous gioup of doctois, dentists, x^'eteimaiians, muses, sam- 
taiy and medical administi atix'^e coips of officeis aie sent With the help of 
a cadre of enlisted men and of cixulian employees the hospital must be 
placed m opeiation wnth the minimum of delay This conglomeiate group 
must not only leain then mdixudual duties but learn hoxx^ to function ettec- 
tiX>-ely as a unit 

The medical officeis come fiom all sections of the countiy and hax^e 
gieatly diveigent xuexx points and x’'ai}mg degiees of tiainmg It xxmuld 
oidinarily take consideiable time to complete tins integiation, yet tune is 
so essential that the hospital must begin to leceive patients before it is 
fully accomplished, and xxhen patients aie leceix^ed they must be gn’-en 
adequate caie immediately This cooidmation of the piofessional services 
is among the most impoitant of the consultant’s duties 

* Read before the American Surgical Association, Ma}' 13 - 14 , 1943) Cincinnati, Ohio 
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OBJECTIVES OF A SURGICAL CONSULT VNT 

The objectives of the suigical consultant are varied but they all ha\c 
but a single purpose — to proinde the best possible caie of the sick or 
uounded soldiei All other aims aie subordinc>te 

The policy has been to cany out this objectne b> haMiig the Consultant 
make and maintain intimate contact with the services of the medical installa- 
tions in the Seivice Command The aim has been to correlate the carious 
sections \Mth the seivice as a whole and that of the sei vices with one anothei . 
to asSLiie the hospitals as even a distiibution of qualified specialists as 
possible, to encouiage and advise the officers in belter peifonnance of 
their duties and to laise as far as possible the standaid of professional caie 
b}^ means of postgiaduate education Theie n a geneial agieeinent among 
us in the Seivice Command that the standaid of piofessional caie is no 
bettei than the educational level of its inedicai officcis We aie unanimous 
in the feeling that the type of giaduate education best adapted to oui 
needs is that which is hi ought to the hospital This enables us to reach 
the w hole staff, including the } ounger medical ofhcei s w ho should aftei 
all be oui chief concern By contact wuth distinguished cuilian oi aiinc 
doctors they can learn by doing We shall obtain funds fiom one ot the 
foundations to cany out such a piogram which will include such featuies as 
a The institution of w^eeUy clmicopathologic confeiences 
b The introduction of clinical case teaching in psychiatry 
c Encoui aging the establishment of bimonthl) journal club meetings 
foi the evpiess purpose of leviewing the cm lent medical hteiatuie 
d Weekly meetings of the majoi services 
e ^Monthly staff meetings 
j Grand w'aid lounds 

g Inviting nationally known inteinists surgeons, pscchiatiists, pathol- 
ogists and radiologists to visit the laigei medical installations foi a daj oi two 
The invited guests will make ward rounds, hold clinics give demonstra- 
tions, etc 


ACTI’STTILS OF A SURGICAL CONSULTANT 

The surgical consultants sphere in i elation to the civilian hospital is 
clearly undei stood by all of you He has attained that position bj viitue 
of his years of experience in his chosen field which was often gamed m 
the hospital he now^ serves as consultant He is familiar with its piofessional 
and administrative components In the army, howevei, his activities neces- 
sarily differ consideiably He is not merely called upon to assist m the 
diagnosis or treatment of a specific case Indeed, this is a small and lela- 
tuely unimportant pait of his function 

The major duties of a surgical consultant to a Service Command centei 
about his visits to the hospitals His value lies in his ability to acquiie an 
intimate knowledge of the men on the surgical sei vices and to appieciate 
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then uidiMcIual pioldems Efloit should be made to haimomze the methods 
of tieatment with established Aimy piocediiie, yet without destioymg 
initiate e oi inteifeimg unnecessanl) with the independent action of the 
Chief of the Sen ice and his section duets 

He should stud} methods in use and, by obseiving the lesults of tiial 
of e\peiiniental pioceduies, tie can eialuate them and pass the information 
along fiom one camp to anothei thiough the medium of the Seivice Com- 
mand 01 by woid of mouth He is a soit of ciicuit iider who picks up ideas 
and methods and distiibutes tlpem fiom one to anothei 

He must assist the peisonnel officei in eieiy possible w^ay to the end 
that the spiead of suigical officers be as even as possible, that deficiencies 
of peisonnel aie collected and that the most efficient use is made of the supply 
of ti allied suigcoiis Theie has been some leceiit ciiticism by membeis 
of teaching institutions of the policies of the Army in selecting men foi 
medical officei s In all probabilit}’- the magnitude of the task of fuinishing 
competent medical officei s not onl) foi all the fixed hospitals but for 
countless units foi o\eiseas sen ice, is not geneiallv appieciated by cuilian 
doctois Ahead}, main men have been tiansfeiied to these units and the 
stafts of oui fixed hospitals ha\e not been leceiving compaiable leplace- 
ments It is foiescen that m the months to come theie will be an inci easing 
need foi economies of suigical peisonnel Alieady an eftoit is being made 
to tiain an officei as an undei study for each impoitant position cn the 
suigical serMce Methods aie being exploied that wall lift some of the 
administi ative buidens that diminish the available time and eneigy that 
might otheiwise be spent m pin el) piofessional activities 

ItEL.VTION OF THE SURGEON TO THE TRAINING PROGRAM 
The suigeon is concerned wath the caie of the soldier fiom the tune he 
ai rives, still a civilian, at an induction station until he is dischaiged fiom 
the army Let us considei the \aiious stages at which oui contact with 
him takes place 

The induction station is not only the fiist but also peihaps the most 
important Foi heie is the fiist and most effective point at winch the 
physicall} unfit should be weeded out It is regiettable that the induction 
station examination fails to eliminate so manv men wlio aie destined later 
to be sepal ated fiom the seivice 

To anyone wdio has observed men at the induction station and dining 
their training program, it is an imescapable fact that the physical condition 
of the youth of this countiy is not what it should be Colonel Leonard Rown- 
tree has pointed this out in a lecent inteiview with a prominent sports editor 
He stated that one out of four of the 17- and i8-yeai-oId gioup is rejected 
on physical glonnds, wdule in Sw-eden the rate is but one in ten The 
need for a moie intensive effort to piovide oui bo}s in school and college 
wuth lietter bodi^ building and physical toughening should be more generally 
appreciated and steps taken on a laige scale to impiove this situation 
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The next, and also veiy impoitant, place uheie scieennig takes place 
IS at the Reception Centei Heie, too, the gieat bulk of selectees who ha\e 
defects or physical limitations that pi event then being of use to the arm\ 
are w^eeded out 

The Replacement Tiainmg Centei, where the leciuit undergoes his basic 
tiaining, is also a point at which fiirthei elimination occuis This is the 
first stage at wfinch the ability of the soldiei to stand-up against the rigors 
of tiaining is put to the test Heie the foot disabilities, the knee and back 
conditions, the ovei looked heiniae and pilonidal C3sts begin to present them- 
seRes Before the basic training has piogressed ier\ fai the vast majoriti 
of defects that aie destined to disqualify should have been noted, and the 
sooner they aie discoveied the better for the Aim) and for all concerned 
Considering the ph3sical condition of the aierage inductee, the tiaining 
progiam is ceitainly strenuous The long bikes with full pack, the obstacle 
course and tbe other measuies for toughening the soldiei aie responsible 
for bunging to light man3 latent phvsical defects and foi man3' accidents 
Upon completion of basic tiaining tlie soldiei is assigned to a tactical 
unit and from there on he is subject to the injuiies and accidents common 
to the blanch to which he is attached The types of tiaiima sustained beat 
a direct relationship to the training program he is undei going 

From the time a soldiei ai lives at the Reception Centei until he reaches 
a staging aiea to be sent oveiseas, the station hospital beais the burnt 
of his medical and sui gical cai e 

The camp dispensaiies seive as counteipait in tbe Aimy of the doctor's 
office or the outpatient depaitment of a civilian hospital It is here that the 
soldier reports f oi sick call , is examined by the medical officei and if his 
condition warrants it, is sent directly to the station hospital The dispensaii 
theiefore, fills an essential function It acts as a dam to bold back the 
flood of potential admissions to tbe hospitals wflnch without it would be 
overwhelmed by a host of patients wnth minoi ailments The dispensapi 
also makes it possible to keep more men on duty lessens the ineffective late 
and thus speeds the tiaining progiam A man who can be kept out of 
the hospital without haim to himself is far bettei off The tiend is 
definitely tow^aid ti eating on a duty status all minoi conditions in ivhich 
hospital caie is not actually needed It is theiefore, impoitant foi the 
surgical consultant to visit these dispensaries and to assuie himself that 
the3 aie fulfilling their proper function 

GENEKAL HOSPITALS 

When the soldier completes his training and is ready for oveiseas seuice, 
he is sent to a staging aiea and theie he passes out of our sphere How'evei 
when he returns as a casualty he is sent to a geneial hospital wdieie his 
care again becomes oui concern Just as the station hospital piovides foi 
all the ordinary professional care, the relief of uncomplicated singical 
conditions, so the geneial hospital serves as a “medical centei” m civilian 
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life Hcic the piofessiondl allainnients ol the stall aie expected to be of 
the highest, the facilities foi diagnosis of obsciiie conditions of the best, 
and the oppoitunity exists foi piolonged caie of cases that leqinie it 
Theie is a gi owing- scaiciU of highl^v-tiainecl and qualified suigeons foi 
positions of lesponsibility in the geneial hospitals As a consequence, in 
some of these hosjiitals. the level is somewhat below' the desiiecl standaid In 
otheis, theie is a lack of qualified specialists in such fields as neuiosuigeiy, 
plastic suigeii and thoiacic suigen The collection of these deficiencies 
IS one ot the consultant’s chief concerns 

SUIJGICAL CONDITIONS COMMONLY ENCOUNTERED 
While examples of almost e\ci\ conccnable vaiiety of suigical condi- 
tions aie encounteied, the vast majoiiti aie of two t)pes 

a Conditions commonh seen in loung adult males, uni elated to Aimy 
sei vice 

b Accidents oi injuiies due to the tiainmg piogiam In addition, there 
aie the usual mishaps sustained In the soldiei on leave oi on pass 

Undei the fiist categon we sec many cases of henna, appendicitis, 
vaiicose veins, hemoii holds, pilonidal C3'st, and such oithopedic conditions 
as toil! 01 loose scmilunai caitilages static foot disabilities, lecuiient 
shouldei dislocations and distuihed i unction due to old fiactuies and dis- 
locations 

In the second w'e find many seveie spiains, all types of fiactuies, in- 
cluding ankle and wiist, and a suipiismg mimbei of fatigue or maich 
fiactuies of the metataisal, accidental bullet wounds, and seveie head 
injuiies Bums haie not been fiequent Tiaunia seiious enough to ie{{uiie 
immediate oi subsequent amputation is not uncommon The natiue of the 
nijunes and then seventy diflei accoiding to the type of tiainmg that 
peitams to each camp Foi example, the skeletal injuiies have been seveie 
and a good many have been fatal m camps w'heie antitank and commando 
teaming oi tank unit tiainmg is given In An Foice hospitals the few 
fiactuies seen aie geneially seveie 

Anticipating the fact that ceitam diseases and injunes wall lequire 
surgical tieatment m wdiich a high degiee of speciali 7 ation is iiecessaiy, the 
Suigeon Geneial has designated ceitam geneial hospitals for this pin pose 
Foi example, to give the name of one hospital in each categoiy, Biooke 
Geneial FTospital foi neuiosuigeiy, McCloskey Geneial Hospital, an ampu- 
tation centei , Waltei Reed Geneial liospital, maxillofacial and plastic 
suigciy, Letteiman Geneial Hospital, ophthalmic snigeiy and tieatment 
of blinded casualties, and Fit/simmons Geneial Hospital, chest suigeiy 
When casualties fiom oveiseas begin to aiiive in laige numbers the 
activities of the geneial hospitals w'lll be gieatly accelerated 

THE ARMY AMEIVPOINT IN SURGICAL DECISIONS 
AVhile in most lespects the viewpoint of the civilian and the Aimy 
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surgeon coincides, theie are certain instances in \\hich tliey must ot 
necessity differ The aim of the surgeon in civilian practice is to proMde 
care of the patient and his interests are the only ones concerned 

In the Army, however, the pimcipal objective of the surgeon is to 
increase as far as possible the number of effective maii'da) s In geneial, 
these two aims coincide and yet theie aie numeious situations that aiise 
in which the needs of the Army make it insistent that the lattei take 
precedence Thus, ivhen defects are discovered that olniously existed 
prior to entry into service, the suigeon must decide whethei their collection 
in the Army is justified oi whethei dischaige from seivice is a bettei 
solution In reaching this decision he must considei whether attei the 
operation the man is likely to make a satisfactory soldiei This demands 
c,n appraisal of him as a whole and may requne the assistance of a iieuro- 
jisychiatnc consultation Then, too, the gravity of the opeiation the iisk 
of complications or sequelae, and the piobable end-result must be weghed 
111 each individual case It is heie that the medical officer tiesh fiom civilian 
practice is at a disadvantage at fiist and must leain In expeiience how to 
eialuate these factois to the ultimate advantage of the \rmi 

Opeiative piocedures that lequne piolonged diessings oi extended 
convalescence, such as the open packing method of handling cases of pilonidal 
cysts are not acceptable in the Ai my because in most camps a man must be on 
“full duty” 01 in hospital , there is no such thing as ‘light duty ’ During 
the first nine months of 1942, this Seivice Command had 780 admissions 
of pilonidal cyst cases to its hospitals They w'eie lesponsible for more 
than 29.000 man-days lost to the training piogiam 

These considerations only apply to elective surgeiy foi conditions existing 
piior to induction IVhere a man develops a disease 01 sustains an injun 
while 111 service and it is clear that it is not 1 elated to a pieexisting 
defect, the same general considei ations obtain as in civil life and no form 
of surgical treatment is withheld that promises the most complete cure 
or restoration of maximal function 

SURGICAL TECHNIC IN ARMY HOSPITALS 

The surgeons and specialists attached to the suigical seivice of station 
and geneial hospitals aie men wdio have, until lecentl), been engaged m 
civilian practice Their technic, therefore, is about what one would expect 
to find m any fiist-class civilian hospital, the variations in technic reflect 
the diffeiences to which their previous training has accustomed them 

There is a general regaid foi the observance of measuies to maintain 
steiihty in the operating room Prepaiation of the hands caieful masking 
of a.11 operating peisonnel, skin jii eparation, and exclusion of skin by prompt 
application of towels to the wound edges, are all matteis that are given propei 
consideration Caie and gentleness in handling tissues, avoidance of blunt 
dissection and rough retraction and general puttering wdiile operating aie 
_^all given attention ^^'hlle the use of nonabsoibable ligature and sutuie ma- 
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tcnals much moic w idespi eacl than \\as anticipated, there are still many 
suigeons who adhere to chiomic catgut Theie is, however, a noticeable 
tendcnc} to use it m finei cahhei and to insist on meticulous hemostasis 
and to aA oid placing sutuics undei tension This is. of course, c ery gratif) mg, 
ioi It undoubtedl} reflects a glow mg appreciation of the advantages that 
accrue when so-called “silk technic” with all its implications is adopted Alloy 
steel wire is used b\ a few suigeons who appeal well satisfied with lesults 
obtained 

The local use of sulfonamides in wounds made b} the surgeon varies 
greatly in the difleicnt hospitals It is piobable that it is used more fie- 
quently than is slricth indicated and that its dail} use on granulating areas 
that aie not giossh infected is unwarranted and may have a tendency to 
letard wound healing In this connection, Iheie is also an inclination to gne 
sulfonamide drugs internally in cases of mild superficial infection, without 
waiting to sec the ellect of local measuies. such as heat and wet dressings, 
ele\ation and plnsiologic lest ol the pait Before the advent of these drugs 
such treatment w as generally pi omptly eftective There is evidence in recent 
medical literature that m a considerable peicentage of cases reactioiib follow^ 
the use of sulfa drugs m patients who haAe previoush been given them It 
seems ad\isable therefoie not to use them in mild infectious piocesses until 
the beneficial eftect of othei measures has been tried 

SUAGLVRY 

The activities of a surgical consultant to a Service Command and some 
of the problems encountered and obsenations made ha\e been briefly 
presented 

The quality of the inductees has been disappointing both as to their specific 
musculoskeletal defects and then general plnsical development and stamina 
The need is apparent for a more adequate nation-wide piogiam to conect 
this situation and provide moie robust and tougher youths 

Surgical technic and the geneial care of surgical patients are found, 
for the most part, to be of a high ordei Whether or not the expected deple- 
tion of the suppl} of well-qualified suigeons results m a lowering of the 
standard now existing depends on how' successfully we compensate for it 
by increasing the efifectiveness of the surgeons we have 

In closing, let me assure you that the surgical profession need have no 
fear that the men who are carrying the load in our Arm} hospitals will fall 
short of previous high tradition They are giving conscientious service 
t^eir judgment and technic aie excellent, and their hearts are in this job 

Disctissiox — CoLOXEL Grover C Pexbeuthi Colonel Cole\ has covered the 
subject verv’’ completelr in his brief presentation The contribution of the War Depart- 
ment, through the efforts of the Surgeon General, in establishing this consultant serv ice 
IS to be commended The consultation sennee, as it applies to the care of the soldier, 
is helping indirectly to reduce the period of morbidity, the hospital days, and disposing 
of the individual soldier that will not become a good soldier 

In going about and visiting the hospitals, I am impressed, as Colonel Colev has 
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emphasized, \Mth the high cahbei of young officers that are leading the way m the 
teaching program as well as the technical work m the hospitals Tliesc joung men i\ho 
have had good internships and others who have had a residenc\, are leading the wav 
and doing a very constructive 30b 

In regard to the training program This AVill varj m some of the hospitals, but 
with the individual officer who has been associated with a teaclnng institution, the 
postgraduate program of teaching is excellent Each officer is expected to contribute 
In the ward walks, the clinical pathologic conferences and the lanoiis meetings of the 
journal clubs that I have attended, I am impressed with the sincere desire of the 
officeis to acquaint themselves ivith the Army method of tieatmcnt and the proper 
disposition of patients 

Relative to the responsibility of the consultant in icfcrcncc to the training and 
the selection of qualified officers, we tiy to evaluate each officer from the standpoint 
of his inteiest in a particular subject The Surgeon General in establishing courses 
that are earned on m civilian institutions certainly has added to the interest and 
morale of the young men They are desirous of attending these courses, and I, for one, 
appreciate the interest that the civilian plnsicians and surgeons are taking in the officers 
that have been assigned 

Unfortunately, \ve can not alwaj's assign the officers that make application, but 
if tbe courses are to be continued, and I undei stand that thc\ are, in due time we 
may have an oppoitunity of recommending some who ma^ still be on dutj in the 
United States 

In closing, I w'ant to congratulate Colonel Colei on his approach to this responsi- 
bility entrusted to the consultants He has coveied the field thorouglih, and I am sure 
that the experiences in the Fouith, Fifth, and Ninth Sen ice Commands will run parallel 
to those of Colonel Colev in the Eighth Senice Command 

Captain Waltmin Walters, M C, USNR (Corona, Cahf ) I lecenth had the 
pleasure of accompanving Colonels Colei and Penberthy and Lieut Col Griswold on 
some of their inspections to various United States Aimi hospitals I can concur in 
the statements which they have made, and I think members of tlie American Surgical 
Association, ivho have had an opportunity to visit some of the Armj or the Naial 
hospitals, ivould be equally pleased to see the veil fine tipe of medical and surgical 
practice which is being carried out in them One does not need to wonder at it, when 
one realizes that the supei vision and the consultation of the surgical sen ices are 
under men of the tjpe wdiom I haie mentioned, ivho are members of this Association 
and who, I might say, are directly responsible for the chaiactcr of the surcical 
w'ork in those hospitals I do not think w'e need to wmiri about the tipe of suigical 
treatment which the soldiers and sailors are recening in the Army and Navy hospitals 

A word about the Naval hospitals We have a little diffeient sjstem of medical 
and surgical consultation and supervision The Piesident of the United States 
appointed a group of honoiary consultants — on recommendation of Admiral Alclntire, 
the Surgeon General Among them Doctors Lahe\, Balfour, Dandy Wiener, Low’sRy 
and the late Doctor Crile — Admiral Mclntire has had them visit and inspect the naval 
hospitals That does not mean just a cuisory examination of the physical properties of 
the hospital It means an examination of patients, of recoids, of medical and sur^icdl 
personnel, etc 

In addition, jou might be interested to know' that m the Naval hospitals a monthlv 
report of patients, then diagnosis and disposition is obligatory on the part of the com- 
manding officer, w'hich is made out and sent to the Distiict Medical Officer, who, m turn 
sends it to the Surgeon General of the Navy Almost W'lthout exception postmortem 
examinations are routinely obtained 

Now' about the methods of receiving information on the adiances in medicine 
and surgerj The Naiv has a medical bulletin, which is published bimonth’y, w-lnch 
contains much of the latest and moie recent important work in military or’ Naval 
medicine In addition, Naiy Medical Officers leceive a bulletin every second week from the 


* United States Naial Medical Bulletin 
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Bureau ol Medicine and Surgen f in winch aie reports of the lesearches of chemical 
in\ estigation b\ Na\al and cnilian doctois, and reports fiom the Committee of Surgery 
ot the National Reseaich Council The work of the National Research Council m 
lurnishing the Medical Coips oi the Naw and the Army wuth this ver} important m- 
lormation. a part of which jou ha4e hcaid toda 3 % has helped to improve the treatment 
which Na\al patients arc lecening 

At the Xa\al hospital at which I ha\c been stationed toi about a 3 ^ear, w^e hare two 
staff medical meetings a week, one in which we show moring pictures of carious tvpes 
ot operatic c procedures, ccith the presentation of a medical paper by alternating members 
of the staff At the second meeting abstiacts and lecicw's of the medical and surgical 
liteiature aic picscntcd 

Theic are scceral Aimc installations aiound us, and the Aimy medical officers 
attend our medical meetings and ccc theiis Fuither ecidences of collaboration beteveen 
the medical ofliceis of the Aimc and the Naev is the lepoit that after the Naval 
and Marine tasiialtics were taken care of at Guadalcanal and ecacuated some of 
them cccre sent to an Armc hospital based on one of the islands in that group and to 
Nacal medical hospitals based on othci islands theic were manj Army patients in 
addition to those fiom the Nacc 

I hace enjoced Colonel Colcc s papei ccrc much I enjoced being ccith him on 
some collateral duties as ccell as with the other men I hace mentioned, and I think 
it IS a credit to the \rmc Medical Coip that thee have asked men of that tjpe to 
scree as consnhants and adciscis 

CoioxEL Bn cun c L Coi n M C (closing') I would like to saj a ccoid about grad- 
uate medical education as we conccicc ot it in the hospitals ot a Sere ice Command We be- 
liecc that efforts to piocidc cccre laciiile cehich mac'- aid m eleeating the lee el ot medical 
piacticc III Anne hospitals is one of our most important obligations Toevards thl^ 
end, eee hace instituted a progiam which ceill embodj the folloeemg Experimentation 
ceith libraries in older to dctcimine eehat constitutes the smallest acceptable libraie 
eehicli ceill giec dcfinitiec information concerning all tvpes of medical and surgical 
cases, instituting clinicopathologic eonfcicnccs of the tepe used at ^lassachusetts Genera’ 
Hospital, and inciting nationalle kiioeen specialists in the majoi fields of medicine and 
surgere ccith the tvpicss puipose of then participating m an informal eeay in all the 
acticitics of the station hospitals dining their stac 

In closing I would like to urge the members of this A,ssociation, who may plac a part 
in shaping the courses of War-1 ime Graduate ^iledical Education, to consider, insoiar 
as Armc Hospitals arc concerned the desirability of emphasizing the direct contact, 
on an informal plane belcceen the teacher and the medical officei It has seemed to 
us that be this method, cchich incohes giand rounds, attendance at clinical conferences 
and free discussion of actual clinical pioblems arising in each individual hospital, 
more is accomplished than be formal lecture courses from the rostrum 

T Burned Neccs Letter (Nacc Dept) (Abe foi “Bu }iled iS. Surg ” — The term 
“Burned” is coriect— STP) 
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THE SUEFACE TREATMENT OF BURNS'^ 

A COMPARISOX OF RESULTS OF TANNIC ACID, 

. SILA'ER NITRVTE, TRIPLE DYE, AND VASELINE OR BORIC 
OINTMENT AS SURFACE TRE VTMENTS IN 150 CASES 

George H A Cloives, Jr , M D ,t Charles C Lund, M D , 

AND 

Stanley ]\I Levenson, jM D 

BohTOX, JIass 

During the period AiigUbt 6, 1942, to Maich 10, 1943, there were 212 
cases of burns gnen surface tieatment by one of thiee standard methods at the 
Boston Cit} Hospital All of these cases ueie seiious enough to variant adm 5~ 
Sion to the vaids of the hospital Of them, 109 came fiom the “Cocoanut 
Groi.e ’ disastei and 103 at othei times Ceitain cases have been excluded 
fion'i the present report because theie is no vay of using them m evaluating 
the efficiency of surface tieatment The laigest gioup of these exclusions are 
33 “Cocoanut Grove’’ cases and foui othei cases that had severe respiralory 
involvement as ivell as external bums, and vhose death was so laigely 
contributed to b}' the respiiator}’’ factoi that evaluation of suiface tieatment 
was impossible All of these deaths occuried'’ within 12 days after mjun 

Other groups excluded aie patients who weie dischaiged eaily and ‘'lost” 
at a time when the depth of the bum could not be estimated, and a few 
cases wdio came to the hospital ovei 48 hours after their burn and cases 
where other than standaid piimaiy suiface treatments w'^ere used Theie 
remain 150 cases that foim the basis of this lepoit Expeiimental surface 
treatments w^ere used on ceitam aieas of some of these cases The results 
of the treatments to these areas are not considered in this repoit No 
experimental primary treatments w^ei e used on any of the cases froi 1 
the “Cocoanut Grove” fire 

Table I shows the age and sex distribution of these cases 

The sporadic cases of burns admitted to the w^ards of this hospital aie 
due to many agents and the patients are of all ages from infancy to extieme 
old age Usually about half the patients admitted are children and half of 

* From the Burn Assignment of the Surgical Services of the Boston City Hospital, 
and the Department of Surgery, Harvard Medical School The work described in 
this paper was done, in part, under a contract recommended by the Committee on Iiledical 
Research, between the Office of Scientific Research and Development and Harvard 
University 

t Now Lieutenant, M C , A U S 
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Table I 

STUD1 OF SERFAGE TREATMENT 
DISTRIBUTION OF CASES BV AGE AND SEX 



Male 


Female 


Total 



Ages 

C G* 

Other 

C G’' 

Other 

C G ' 

Othei 

Total 

0-4 

0 

17 

0 

2 

0 

19 

19 

5-9 

0 

10 

0 

4 

0 

14 

1 1 

10-19 

2 

10 

2 

3 

4 

13 

17 

20-29 

21 

1 

16 

1 

37 

2 

39 

30-39 

10 

4 

8 

5 

18 

9 

27 

40-49 

2 

9 

0 

4 

2 

13 

IS 

50-59 

1 

5 

0 

3 

1 

8 

9 

60-69 

0 

2 

0 

3 

0 

5 

5 

70-79 

0 

0 

0 

1 

0 

1 

1 

Unknown 

1 

1 

2 

0 

3 

1 

4 

Total 

37 

5^ 

28 

2b 

65 

SS 

150 

♦Cases burned in the 

Cocoanut Grove disaster 







them adults About half the bums aie caused b\ scalding with hot aqueous 
fluid (watei, tea, cotlee, soup itr) About 40 pti cent aie flame burns 
The remaindei aie liurns tiom miscellaneous causes such as hot oils and 
greases, molten metal, hot nonmolten metal, acids, othei chemicals and electi ic 
flashes, etc The patients are usually from the poorei economic strata of the 
community and a fan peicentage are pooih developed, pooih nouiished 
and anemic Adults burned m bed or whose clothing has been on fire aie 
frequently intoxicated and many ot them aie m a state ot chionic alcoholism 

In sharp contradistinction to the usual gioup of patients were those 
burned 111 the Cocoanut Giove disastei They were musth young adiiks 
in excellent physical condition Veiy few', if any, were undei the influence 
of alcohol It has been estiinated that the average patient in this group 
had consumed the equivalent of two cocktails (25 cc of pure alcohol) during 
the three hours preceding the fiie There w'as only one know n chronic alcoholic 
among these cases All of these burns w'ere flame burns and none of 
them scalds 

CLASSIFICATION OF BURNS 

For the purpose ot this lepoit onlv second and thud degiee bums aic 
discussed Second degiee burns include all bums no mattei how deep, that 
destroy only a part of the epithelium Thud degree bums include only those 
that destroy the whole epithelium The appearance of the bui n on admission 
and for some time thereaftei is frequently not a reliable guide to the depth 
of the bum How'evei, many small blisteis, slight edema of the skin, w'eepmg 
of bioken blebs wuth a pinkish color of the corium under the blebs, indicate 
the presence of a second degree burn On the other hand, charrmg, drv 
dead white, 01 brow nish, leathery appearance without edema below it, indicate 
the presence of a third degree bum There is however, a lather large gioup 
of cases that cannot be finally classified until they are either w'ell on tow'aid 
healing in the case of second degree, or granulating in the case of third 
degree (Fig i A-D) This study is based entirely on a classification 
of the cases at a time after the injuiy w'hen an accurate estimate as to 

762 


Volume ni 
Number 'i 


SURF'VCE IRLAliMENl OF BURNS 


depth and of the aieas in\ oh ed in each depth could be made The peicentages 
of bod) area involved ^\ere calculated b) the use of Berkow’s^ formula 

PRELIMINARY TREATMENT 

On enteimg the accident flooi the patients were seen by an admitting 
physician, gnen suitable doses of moiphnic. and undiesNed Oidinanh. 
patients without shock weie sent to the opeiating loom for prophylactic 
plasma therap), if needed, and initiation of surface treatment A few^ veiy 
severely burned patients wcie sent to the “shock room” of the accident floor 
and tieated there until death oi beginning lecovei) The Cocoanut Giove 
patients weie gncn moiphine in the accident floor as usual but they w^eie 
not undressed until the) aimed in the opeiating room oi the wards About 
35 of these patients were tieated in the operating looms The lest w^ere 
placed in bed in the waids and tieated iheie, because of limited operating 
room facilities 


TANNIC ACID-SILt ER NITILVTE TREATMENT 
The tannic acid-siKci nitiate tieatment was used onh on bums of the 
hod), legs, and aims A lapid tanning .iftei lemoval of loose debus and 
washing was made <iccuiding to the atcepted tieatment descnbed m the 
U S Arm) IManiial- Fieshh dissohcd lo pei cent tannic acid solution m 
water was applied to the whole aiea Then the remainder of this solution 
was added to an equal amount of lo pei cent sihei nitiate solution making 
a solution of 5 per cent of each This was applied at once and e\try half 
hour for four applications Anesthesia lor the cleaning w'as used m some 
cases, particulaiiy in )oung childien \ftei the fifth application of the 
tanning solution, a di), fiim, lathei thm, model ately elastic eschar w'ls 
formed A ciadle with moderate heating by electric lights was used to 
promote the drying Steiile sheets weie not used If the eschar remained 
intact and clean it was allowed to remain until it came away spnntaneoiish 
This occuiied only m a few second dcgiee Inn ns It was found that lhe^( 
eschais w'eie relativel) impervious to moist solutions once the^ had diied out 
In all the thud dcgiee cases signs of softening with infection nndei the eschai 
appeared in from four to eight days (Fig i A-D) The eschai was 
excised over such areas and secondary tieatment initiated 

TRIPLE DYE TREATMENT 

From the beginning of the study until the night of the Cocoanut Grove 
disaster, no dye treatments weie used But foi many years previously, as 
a result of the impoitant investigations made by Aldrich,^ “triple dye” had 
been the treatment most used in this hospital for severe bums For two 
reasons it w^as used extensively on the patients from the Cocoanut Grove 
Supplies of silver nitrate w'eie rapidly exhausted and many staff surgeons 
not connected wnth the Burn Assignment w^ere called in and w^eie permitted 
to use the dye treatment with wdnch they w^ere most familiar In the six 
weeks following the disastei a few additional cases w^ere also tieated in 
this w'ay 
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Triple dye is a water solution containing gentian violet, methyl gieen 
and acriflavine It is claimed that when properly used it has bacteriostatic 
properties against both gram-positive and gram-negative organisms AldnclT 
has recently advocated its use without pievious cleaning unless gross soiling 
of the burn has occurred In the present cases a model ate amount of 
cleaning (breaking of blisters and removal of loose sheets of broken epi- 
dermis) was cairied out in many cases In some, soap and water washing 
of the surface W'as also done On the night of the disastei many cases were 
tieated wuth applications of this dye to burns of all parts of the body 
including hands and face During the peiiod ot application the patient 
w^as piotected from the contact wnth bed clothing by a ciadle with lights 
and the solution w^as blushed on wuth a sponge evei} one-half to one hour 
An eschar was formed much moie slowly than wnth tannic acid-silver nitrate, 
and applications were continued up to 24 houis in most cases and to 48 houis 
in some (Fig 3 A-E) 

These eschais aie much moie sensitive to moisture than the tannic eschars 
They soften and break dowm lapidly not only on application of ointments 
or saline diessings but also as a result of l)ung on them for a ver} few' hours 
If softened as a lesult of moisture wuthout giease, they may, howevei he 
lepaired by a fuithei application of the dye followed by a fuither period 
of drying Even after infection has been established on the granulating 
surface under the eschar, the suiface may be wnped and redyed Such a 
secondai}' eschai is not as satisfactoiy as the oiiginal one but it does cover 
the open surface to some extent How'cvei, such aieas must be inspected 
daily and collections of pus unioofed and the granulations ledyed 


lA Flame burn after cleaning and be- 
fore tanning Note that the apparent depth 
of the burn of the left buttock and of the 
right calf seem to be equal The small 
wounds were biopsies 

iC Twelfth day The eschar was ex- 
cised daily where it softened and saline 
dressings were applied The infection be- 
came mixed and later the child lost much 
weight Note the similar appearance ot 
the necrotic tissue under the eschar of the 
two buttocks 


2A Seventh day, at the first change of 
dressing after treatment w’lth vaselined 
gauze and a firm voluminous dressing 
2C Twenty-third day Small Thiersch 
grafts put on part of the granulations as 
an experiment 


iB Fourth day, after tannic acid-silver 
nitrate Close inspection shows a “blister” 
on medial edge of right buttock The fluid 
from this cultured colon bacilli 

tD Twenty-eighth day The left but- 
tock IS healed indicating that this area 
was a second degree burn, but the right 
burn was third degree even on the calf 
In this case the first sure evidence of depth 
of burn was after three weeks Recover} 
without deformity followed Thiersch graft- 
ing Final determination of area of burn 
was second degree, 6%, third degiee, 
ro% The burn extended beyond the 
limits seen on any of these photographs 

Twelfth day The same treatment 
was continued 

2D Twenty-ninth day The grafts are 
alive and remained so Further grafting 
was done later Final determination of 
area of burn, second degree, 4%, third 
degree, 16% 
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In some of the Cocoanut Grove cases eschars were started with tannic 
acid-silver nitrate and completed Yith triple dye This procedure was never 
used at any other time Since such eschais seem to have more of the 
physical characteristics of the underlying tannic acid-silver nitrate than of 
the overlying triple dye, they aie classed with the othei tannic acid eschars 

OINTMENT treatment 

Autoclaved strips of fine-mesh gau/e impiegnatcd with \asehne and of 
^\lde-mesh scum impiegnated with boric acid ointment w'cre used foi the 
tieatment of many aieas of bums of the hands face, leet, oi genitalia of all 
patients otherwnse treated w ith tannic acid-silver nitrate and of some patients 
treated with triple dye Such ointment diessings were also applied to the 
bodies, aims and kgs as the onh treatment of othci patients (Fig 2 A-D) 
Until aftei the expenence at the Massachusetts Geneial Hospital in ti eating 
othei victims fiom the disastei became Known,'’ burns licatcd m this niannei 
weie alwa}s debiided and cleaned befoie the apjiliLatinn Commencing in 
Februaiy, many of the cases w'ere treated w’lth vaseline without cleaning 
(Fig 2 A-D) Pressure dressings of the tjpe and efficiency described by 
Allen and Koch*' were not used except foi a few cases Bums on the faces 
of some cases w'ere tieated by the application of vaseline oi bone acid ointment 
unsuppoited by gauze of any kind No diffeience in lesults have been 
observed distinguishing vasehned gauze fiom bone acid ointment For the 
purpose of this study they are both tabulated under the heading “ointment ” 

SECONDARY TREATMENT 

Vasehned gauze, bout omtment gau/e and saline bone acid oi weak 
Dakin’s solutions weie (lie thief applications used in secondau tieatment 
In general, if good piogiess w-^as liemg made with ointment dressings these 
w^ere replaced at intervals of five to seven days until healing or the necessitN 
for grafting was demonstrated When the time for giafting approached a 
change to fiequent moist diessings was made Tannic acid eschais on deep 
burns frequently had to be lemoved at the end of the first week because 
of underlying infection This w'as done in part by application of vasehned 
gauze or wet dressings Many of the triple dye eschars w^eie also removed 
in the same w’ay at an eaily date One patient in the Cocoanut Grove group 
with a 20 pel cent aiea of thud degree burn, became very toxic, and it was 
thought that infection undei the eschai w'as responsible The eschai w^as 
being lemoved b} Aasehned gauze and saline dressings At one diessino 
an overenthusiastic application of sulfanilamide jiowMei resulted in typical 
sulfanilamide toxemia, with cyanosis The plasma sulfanilamide level rose 
to 20 mg per cent Sulfanilamide pow'der was utilized in this mannei only 
in this one case In a few^ cases triple dye eschars weie retained for several 
weeks, repairing any softened areas by redyeing (Fig 3 A-C) This 
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done on!} in patients that weie so toxic that ain change in tieatment ^\as 
leit to be dangeions 

Ml the patients with second degtcc bums siifleied ven little paui at 
an} time following the fust diessing, but most ol the patients with thud 
degiee bums suficied gieath and became extiemel} sensitive to \ei} slight 
trauma This was cspeciall} tuic it wet diessings were allowed to become 
partially di\ befoie changing Some ol the moie severely burned patients 
were given morphine oi geneial anesthesia at the time of some diessings 
Because of pain a few patients weie treated wuth siilfathiazol ointment, cod liver 
oil ointment and with “eiisol’’ solution pnmanly because of the good psychic 
effect that frequent!} follows a change of method Some of the patients felt 
that these changes were beneficial as fai as pain was concerned No other 
benefit was obsened 

A few cases with deep bums of the hands and loieaims had slow sepaiation 
of then sloughs Then diessmgs weie olten \ei} painful In eight instances 
Bunyan einelopesT' weie used as a means of suppl}ing iiiigation wuth^salme 
solution 01 Dakin s solution Tins method of tieatment at this stage was 
successful in lelieMug a laigc degiee ot the pain m six out of the eight 
patients so lieated It has been recommended that the fluid be drained 
periodically The c}cles used railed, with the period of hllmg tiom 20 
minutes to one houi and the empty peiiod from two to foui hours Bunyan 
advocated the instillation of ox}gen when the fluid w'as out m c'rdei to 
keep the membrane fiom contact with gianulations Most of oui patients 
preferred not to have the oxwgen instilled, as the} w'eie more comtortable 
wuthout it in spite of the fact that tiie iippei suiface of the empir bay la} 
against the gianulation tissue 

Splints weie used eaih and fieel} in bums of the foreaim and hand 
and occasional!} foi bums of the legs The splints seived to reduce the 
amount of pain and to lest the pail hr 1 educing the possible lange ot motion 
in the w lists and fingei joints and also sened to pi event contractures In 
the early dajs aftei the Cocoanut Giove disaster, a straight anterior splint 
wnth the fingers extended was applied to many patients wuth deep burns 
of the posterior aspect of the hand and fingers Fiom the point of view^ 
of pain, this was certainly useful, but it is very doubtful that this form 
of splinting should be used in the future, because posterior contiacturcs 
occur rapidly Splinting m the neutral position maj avoid pait of this 
difficulty® 

Edinburgh University solution — equal parts of liquid petrolatum and a solution 
containing i 25 pci cent boric acid and i 25 per cent calcium hypochlorite, emulsified 
immediately prior to use 

t These envelopes were kindly furnished by the Union Carbide and Chemical 
Corporation 

the relation of shock and hemoconcentration to surface treatment 

Death from shock occurred 111 only one instance This was m a patient 
with flame burns of 60 per cent of her body surface treated wntli tannic acid- 
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silver nitrate, who received a very inadequate dose of plasma, looo cc , quite 
large amounts of electrolyte solutions intravenously, and died at 22 hours 
Tannic acid-silvei nitiate treatment contiols suiface leakage after it 
has been applied Triple dye controls it more slowly Vaselmed gauze 
without pressuie allows it to continue until it stops spontaneously None of 
these treatments contiols the subcutaneous loss of plasma which may be 
very large in amount and in fact may be much more important than the 
surface ooze It is possible that well applied pressuie dressings do control 
this loss and the loss through the surface to some extent,^® paiticularly on 
the hands and forearms Subcutaneous edema is most maiked m the face 
and very difficult to contiol by piessure^ No cffoit was made to control 
it m this gioup of cases The maximum swelling was seen at 24 hours At 
seven to ten days it had disappeared entirely 

Careful washing was used legulaily up to the night of the disaster for 
all cases Aftei it, it was used less and less, and guen up entiiely as soon 
as the good results of ointment and piessnre tieatment without scrubbing 
that w'eie secuied by Cope'" became knowm Tliat cleaning itself can add 
to shock IS understandable First, it may entail a fair amount of manipula- 
tion and either pain 01 anesthesia, both of which are harmful But most 
important, it frequently may stait up a very visible suiface exudation that 
had pieviously ceased Further discussion of these important matters 
will be made m other articles 


3A A verj' satisfactory “triple dye” 
eschar on the thirteenth day How much 
of this burn is third degree^ 

3C Hands on the 32nd day The orig- 
inal treatment of the two hands was the 
same The eschar was deliberately re- 
moved from the left hand but not from the 
right by wet dressings started one week 
before this picture This indicates that 
readiness for grafting in eschar-treated 
cases depends to some extent on the time 
that secondary treatments are started 
3E Back on 64th day, 17 days after a 
completely successful grafting of part of 
the area Note, here also, that whether a 
burn ivas second or third degree could not 
be told until the eschar was removed 
Final determination of area of burn, second 
degree, 10%, third degree, 20% 

4B On the fifth day Notice that much 
blistering had occurred under the dressing 
This indicated a gentle debridement at an 
early hour It also indicates that it may be 
as difficult to distinguish early between a 
•first and a second degree burn as between 
a second and a third degree burn This 
dressing was removed unusually early m 
order to see tlie results of treatment 


3B On the 19th dav, saline dressings 
were started This is its condition on the 
2 1 St day 

3D Back on the 37th day This area 
was readj for grafting prior to this time 
but delay w'as necessarj’ because of poo** 
general condition 


4A After cleaning This burn w'as due 
to hot water 


4C Eleventh day The burn is nearly 
healed and was healed and dry on the four- 
teenth day Pigment returned later This 
W'as a second degree burn of rather super- 
ficial nature and of remarkably even depth 
Final determination of area of burn, 
second degree, 20%, third degree, 0% 
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POSSIBLE TOXIC EFFECTS OF SURFACE AGENTS USED 

Ver}^ recently instances of tannic acid poisoning have been reported 
Jn general, such reports have incriminated slow methods of tanning rather 
than the rapid tanning used m these cases No instances of cential necrosis 
of the livei have been seen m any of the cases in this senes coming to autops} 
Neithei triple d}e, bone acid ointment, noi vaseline have evei been shown 
to be toxic One patient, mentioned above, had a temporary toxic level 
of sulfanilamide from surface application of this drug 

One death only m this series occurred m the interval of time during 
which Wilson^*^ considers deaths from burns to be toxic deaths This patient 
was tieated wuth tannic acid-silver nitrate She died on the fifth day with 
thi ombocytopenic purpura, anemia, edema azotemia and anuria 

INFECTION IN SECOND DEGREE BURNS 

Theie w'eie 75 cases m the piesent senes ha\mg onl\ second degree burns 
These varied m aiea fiom just undei one per cent to 20 per cent of the 
body surface Seven weie tieated with tannic acid-silvei nitrate alone, 59 
w'lth vaseline alone one with triple dye and eight with tuple dje on some 
areas and vaseline on others Many of these patients, burned m the Cocoa- 
nut Grove disaster, had additional pulmonary damage About half of the 
whole group had temperatures of loi o'F , or more, some time m the first 
three days, and a few' reached 103 o’F for a few hours during this time 
The other half had normal temperatures at all times All of the cases 
with an early rise had essentially normal temperature charts from the third 
day to complete healing of the burn wnth five exceptions Two children had 
fever associated with uppei lespiralon infections and one child had a 
febrile reaction from tlie administration of serum One unexplained rise 
of tempeiature to lOS^F on the fourth day occurred m a seventy-} ear-old 
w'oman It is presumed that this fevei wdiich lasted for 48 hours and 
suddenly receded, resulted from infection wnth a new organism that entered 
the burn, although there was no sign of cellulitis, lymphangitis or of 
intei current infection In one man the temperature rose on the 14th day 
to 102 o°F , just before healing became complete, and this reaction was 
associated with lymphangitis A culture from the burn at this time demon- 
strated a beta hemolytic streptococcus These tw'o infections both occurred 
111 vaseline-treated cases and both subsided promptly on treatment with 
sulfadiazine, and did not delay the healing of the burns In the first case 
no prophylactic sulfadiazine treatment had been given, but the second 
case had had full doses of sulfadiazine for eight days Half of all these 
cases had been given 01 al sulfadiazine foi 8 to 21 days beginning at 12 
to 36 hours This incidence of three per cent of clinical infection m 67 
cases treated in whole or m part by vaseline, and of no infection m seven 
tannic acid treated cases, and eight treated with triple dye, indicates these 
treatments are safe treatments from the point of view of infection in second 
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degree burns even u hen sulfadiazine is not given as a precautionary measure 
It also indicates that infection was not an important problem in these cases 
with second degree burn only The patient with the laigest area of 
purel} second degree burn (scald) had 20 pei cent iinolvement Treatment 
vas \Mth vaselined gauze m large part and an expei imenlal ticatment in 
smaller part There was ne\ei any fever (Fig 4 A-C) 

HEA.LING OF SECOND DEGREE BURNS 

The end-point of healing m second degiee burns, used as a criterion m 
the ^arlous cases tieated, is the time when intact epithelium wuthout crusts 
01 sloughs adheiing to it coveis the whole aiea of the burn Table II 
presents this data foi the cases in this senes Moie areas are tabulated than 
there are cases because in man) instances more than one kind of treatment 
w^as used and different areas had different end points Foi instance, m 
an extreme case foui aieas might be Ntudied on one patient Second degree 
aieas in cases also haiing thud degiee bums aie included 

Tablp II 

STtl)\ or 1‘iO BURNS 


Area ln\ol\ed 

Face 

llEAUNG or 

SneONO DEGREE BERKS 

Back 

All Other 

^ -- -*■ 


Treatment No 

of Areas 

A\ Time 
(Daj s) 

No of Areas 

Av Time 
(Days) 

No of Areas 

Av Time 
(Days) 

Ointment 

68 

11 

7 

19 

00 

IS 

Tannic-silver 

0 



6 

27 

19 

24 

Triple d> e 

4 

13 

8 

25 

19 

16 

All treatments 

72 

11 

21 

23 

118 

18 


Table II shows that irrespective of treatment, healing of the face is 
lapid, of the back slow and the lest of the bod}, intei mediati It does not 
show any shorter healing time of those bums tieated with ointment ovei 
that obtained witli triple d}e except, possibly, 111 burns of the back The 
slight advantage ol ointment mei tannic acid in length of healing time 
extends to all aieas studied 

Reasons for the rapid healing of the face and slow’^ healing of the back 
can only be speculative In favor of rapid healing of the face is a copious 
circulation, possible conditioning of the skin to thermal trauma by exposure, 
a firm connection to the underlying tissues, numerous subcutaneous glands 
of epithelial origin, and relative freedom from trauma during the period of 
healing The mam reasons the back nu) heal slowdy are that the skin 
IS thick and, therefoie, a burn which is deepei than is possible in othci 
areas may still be a second lathei than a third degiee bum, and that, during 
healing, trauma (from lying on the back) may be fieciuenl These burns 
cannot stiictly be compaied wuth those of other areas 

Further anal} sis of the available data permits the foilowmig additional 
statements to be made 

I Areas of pure second degiee burn heal no more rapidh' than the areas 
of second degree burn associated with areas of third degree burn 
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2 Areas of second degree burn heal as rapidly when extensive as when 
small, within the limit of sue observed (20 per cent of body area) 

3 Second degiee bums of tbe antenor pait of the body, buttocks, thighs, 
legs, feet, arms and hands all give the same range and average time of 
healing The number of cases of bums of the palms of the hands and soles 
of the feet is too limited to allow any judgment as to healing of this 
specialized skin 

4 The range of time of healing A'aries directly with the depth of the 
second degi ee burn This range is narrow for the face, five to eighteen days, 
and wide foi the back, seven to fifty days irrespective of type of treatment 
All other burns show a range of healing of six to twenty-four days with 
eithei ointment or triple dye treatment, but a wider range of sixteen to 
nmety days with tannic acid-silver nitrate 

5 Second degree bums from scalds take as long to heal as those from 
flame burns Scalds, howevei, have caused much wider areas to be involved 
in second degree burns without any paits of the burn being of third degree 
depth than have been seen in this senes to result from flame burns 

INFECTION IN THIRD DEGREE BURNS 

It IS Widely known that bacteriologic asepsis cannot be maintained for 
any length of time in thud degiee burns no mattei w'bat treatment is used 
This infection is fiequently very serious Even under the most meticulous 
aseptic conditions staphylococcal infections are nearly universal and strepto- 
coccal and colon bacillus infections numerous In general, cultures taken 
fiom the infected surface of a burn show mixed infections This is true 
of the cases in this series 

Infection occurs in or under the dead sloughing skin or eschar and 
always peimeates or extends under it m time Foi this reason it is important 
to consider the surface area exposed to toxic absorption Table III show's 
the extent of third degree burns in the cases studied in this series 

All these patients received sulfadiazine beginning at 12 to 36 hours 
and continuing for fairly protracted periods of time Very little important 
infection occurred in the 57 cases with nine per cent of area or less of 
third degree burns Two children contracted a scarlet fever rash three 
days after the burn, probably not related to the treatment Seventeen others 
had fevers of over ioi°F at some time after the first week But in all 
these cases the fever lasted only a few days None of these patients died 

The aseptic precautions taken on these cases w'eie not as strict as might 
be desired But certain essentials were rigidly carried out If dressings 
w'ere used they were large occlusive dressings infrequently changed Attend- 
ants w'ere masked and the careful aseptic technic was used when dressiness 
were changed The relative freedom from severe infection m these 
cases confirms the findings of Lyons,i« that if pathogenic bacteria are present 
on the original surface of the burn they will die out rapidly undei innocuous 
dressings and rest Therefore, efforts should not be as much directed toward 
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Tabu III 

STUD\ or ISO BURNS 


ARRAS tS\OL\nD IN CASES WITH MINED SECOND DEGREE AND THIRD DEGREE BURNS 


Tola! Area Burned 

Third Degree Burn 


Cases from 





9c of Surface Area 

9r of Surface Area 

C G 

Other 

Total 


0-1 5% 

12 

13 

25 


2 0-6% 

8 

11 

19 

0-9% 

Total 

20 

U 

4? 


0-2 5% 

2 

0 

2 


5-6%, 

2 

5 

7 


7-9%, 

2 

1 

3 , 


10-16% 

1 

3 

4 

10-247o 

Total 

7 

9 

16 


5 - 99 , 

1 

0 

1 


10-19%c 

2 

2 

4 


20-2 1% 

4 

1 

5 


25-359*0 

0 

1 

1 

25-19% 

Total 

7 

4 

U 


45-499*0 

1 

1 

2 


55% 

0 

1 

1 


No Estimate 

0 

1 

1 

50% plus 

Total 

1 

3 

~1 


Grand Total 

35 

40 

75 


killing bacteiia necessarilj piesent as to pi eventing the addition of new 
pathogenic stiains at later dates Attention to dust vas not possible in 
this senes 

The i 8 patients with ten per cent area oi moie of third degree burn 
all had impoitant infections, with fever for some time except for the patient 
mentioned above who died m shock at 22 houis after admission and the 
patient that died in five days with thrombocytopenic purpura, anemia, 
edema, azotemia, and anuna The infections occurred irrespective of 
surface treatment employed and in spite of adequate sulfadiazine treatment 

The bacteria cultured from these cases with large area burns were no 
different from those cultured fiom the smaller ones The larger the area 
the greatei the constitutional reaction and the greater the loss of protein 
from the surface All of these patients weie definitely sick with fever, high 
leukocyte counts, loss of appetite, and all the other symptoms of acute 
infections. However, in no case was there any spreading infection from 
the edge of the burn into or under the adjacent skin or elsewhere ' 

NUTRITION IN SEVERE BURNS 

All the patients with ten per cent of surface area, or more, involved in 
third degree burns became serious nutiitional problems because of the 
losses of nitrogen m the urine and from the surface, and because of the 
increased nutritional requirements resulting from infection with fever 
All patients were started on high protein, high vitamin diets designed to 
give them double the normal protein intake and five tunes the normal \ itamin 
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intake This diet contained 140 Gm of piotein Vitamin supplements were 
given to secure the following intakes A, 25,000 units, D, 2000 units, thiamin, 
lo mg , riboflavin, 15 mg , nicotinic acid, 200 mg , and asorbic acid, 300 mg 
This took care quite adequately of all the cases with second degtee burns 
01 of thud degice but ns up lo nine pei cent Much highei intakes of piotem 
luvc been demonstiated to be needed b\ the cases with laigei aiea 
burns 

In addition, the amount of nitrogen losses and requirements are definitely 
proportional to the area of third degree burn This is contrary to the 
findings of Cope,-’ and his associates Presentation of data and further 
discussion of this important subject will be made in another communication 

ANEMIA IN SEVERE BURNS 

Ham,^“ and his associates, have shown that there was an early hemolysis 
with hemoglobinuria in some of the cases in this series Latei , a severe and 
persistent anemia developed This latter finding has been leported by most 
authois w'orking in this field for many years In this senes this anemia was 
combatted with non and wuh trequent whole blood transfusions It was 
very persistent 111 some cases and 500 to 1000 ct nt blond were given w^eekh 
for long periods of time^'’ 

RESULTS OF TREATMENT OF THE 16 jiosT SEVERE BURNS 

Table IV shows the i6 most seveie cases dnided accoidmg to area in- 
volved, method of treatment, and result In a few’ of these cases, minor 
areas w'ere treated wath expeiimental treatments Such cases are classed 
according to the treatment of the niajoi pait of the burn Also, if vaseline 
was used on hands oi face and an eschai on all othei aieas, the case is classed 
according to treatment of the major area 

Table IV show^s a very striking relation betw’een the size of a third 
degree bum and the survival of the patient Only three out of ii patients 
w’lth 20 pel cent, oi moie, of the suilace aiea destioyed by a thud degree bum 
suuived while none of the five patients with ten oi 15 pei cent of body area 
so destioyed died This indicates that theie is a cntical aiea of thud degiee 
burn at about 20 pei cent, lieyond which the eftoits employed m this senes 
have not been able to save the patient No conclusive evidence of the superior- 
ity of one type of treatment over either of the others can be derived from 
statistical analysis of the data 

The deaths were all preceded by gieat loss of w'Cight and strength m spite 
of dietary measures, tiansfusions and other supportive treatment The 
deaths were all relatively late, occuinng on the following days after injury. 
16, 25, 28, 32, 39 » 80, and 157 In all studies of burns treated prior to the 
advent of plasma, these patients a\ ould probably have died of shock or 
“toxemia” at a much earlier time 

HEALING OF THIRD DEGREE BURNS 

In a study of the efficiency of primary surface applications to third 
degree burns the true end-result, that of complete surface healing, cannot 
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Table IV 

STUD\ OF ISO BURNS 

MORTALITY AFTER THE SECOND \\EEK B1 AREAS AND BY PRIMART TREATMENT OF THIRD DEGREE BURNS 


Per cent 
Area of Third 
Desroe 

Ointment 

Tannic Acid- 
SiKer Nitrate 

Triple Dye 

Total 



Lu od 

Dii-d 

1 ucd 

Died 

Lu ed 

Died 

Lu ed Died 

10 

1 

0 

1 

0 

0 

0 

2 

0 

IS 

1 

0 

0 

0 

2 

0 

3 

0 

20 

1 

0 

0 

5 

1 

0 

2 

5 

35 

0 

1 

0 

0 

0 

0 

0 

1 

45 

0 

0 

0 

1 

1 

0 

1 

1 

65 

0 

0 

0 

0 

0 

1 

0 

1 






•— 


— 

■' ■ — 

Total 

3 

1 

1 

6 

4 

1 

8 

8 


be used Too many totally extraneous factors such as the technical success 
of grafting, the number of grafting operations , the severity of infection , 
the presence of anemia , and the state of nutrition are some of these factors 
Two possible end-points, neither of which is ideal, may be used as rough 
guides to the efficienc} of an\ application to such a bum The fiist is the 
time of disappeaiance of gross slough, which is not a shaip end point and 
somewhat subject to “subjective” errors The second criterion that may be 
used is not subjective (from the standpoint of statistical anal} sis), and that 
IS the actual time of performing the fiist graft As a test of a certain stage 
of healing this is far fiom perfect because an} given patient ma} be operated 
upon too soon and, therefore, fail and another may be done latei than 
necessary due to reasons that have nothing to do with the actual healing 

process The time of the first successful graft would be a ver} poor test 
because the failure of a gratt may be the result of technical errors and not 
due to any factor of unreadiness in the wound During the earliei months 
of study it was thought that grafts could only be successful if all slough 
was removed, there w'as no fevei and no anemia, and no clinical infection 
Later it w'as found that grafts could be successful e\en w'hen pul on aieas oi 
granulation that were suiiounded In gioss slough, piovided the niitritioncil 
status of the patient whn good, anemia w'as not piesent, and clinical infection 
not too active (Fig 2 A-D) 

In addition to these leseivations theie is anothei even gieatei obstacle 
to the study of the results of any original application to these cases This 
IS due to the impossibility of keeping the secondary tieatment of the cases 
absolutely uniform In general, secondaiy treatments consisted of applica- 
tions either of vaseline or boric acid ointment or of saline or weak Dakin’s 
solution or by various combinations of these The time of starting and the 
frequency of the secondary dressings varied to a large extent according 
to such uncontrollable factors as the reactions of the patient, the area of 
the burn, whether general anesthesia w^as necessary for diessing or not 
If an attempt is made to classify the cases according to the sequence and 
frequency of the various dressings the number m each class becomes so 
small as to have no statistical value For this reason no attempt is made 
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to con elate the eftects the vai lous secondary treatments may have on the time 
of healing Because of these same factors Tables V and VI aie presented as 
indicating, in only a veiy limited way, any effects of the pi unary surface 
treatment 


Tablc V 

STtSDA or 150 BORNS 

HHAUNG or THIRD DEORnr BORNS CRAFTED C\SnS 




F 

G S- 

-Days 

T r 

G — Daj S 

No of 



Min 

Max 


A\ 

Mm 

Max 

Av 

Cases 

Small ointment 


16 

28 


24 

21 

72 

33 

It 

Large ointment 


_21 

60 


32 

21 

120 

39 

8 

All ointment 


16 

60 


27 

IT 

120 

sT 

To 

Small tannic silver 


34 

36 


35 

39 

44 

12 

2 

Large tannic siK er 


36 

55 


41 

43 

66 

51 

4 

All tanmc-siher 


34 

55 


39 

39 

66 

4 T 

6 

Small triple dye 


24 

38 


33 

j5 

62 

44 

6 

Large triple dye 


18 

60 


39 

27 

119 

54 

6 

All triple dye 


18 

60 


36 

27 

119 

49 

12 

All small 


16 

38 


28 

21 

72 

38 

19 

All large 


18 

60 


36 

21 

120 

47 

18 

Total 


16 

60 


~U 

21 

120 

42 

37 

r G S equals free of gross slough 








T F G equals time of first skin graft 








Small burns are 3% or less of surface area 







Large burns are 4% or more of surface area 










Table VI 








STUD-V 

OF 150 BURNS 






HEALING or THIRD DEGREE BURNS WITHOUT CRXETING 




F G S *- 

-Dajs 

No 

of 

Healed — 

Davs 

No of 


Mm Max 

Av 


Cases 

Mm 

Max 

Av 

Cases 

Vas 

14 30 

20 


14 


28 

72 

44 

8 

T S 

28 45 

35 


4 


— 

— 

40 

1 

T D 

25 30 

28 


2 


38 

64 

51 

2 


*F G S equals free of gross slough 


Table V suggests that areas treated ivith vaseline became fiee of slough 
earlier and shows that they were giafted eailiei than aieas tieated by othei 
methods It also shows that cases with small aieas uere free of slough and 
were grafted eaiher than largei cases This is contiary to the findings of 
Cannon-^ in regal d to the sepaiation of slough He had to delay the grafting 
of his most severe case until the 77th day because of vaiious complications 
A similar delay for similar reasons occmied in several of the cases in this 
senes that had comparable or larger areas of third degree bum 

Thiersch grafts were applied in all but two instances In these excep- 
tions Reverdm grafts were employed The condition of the patient with 
45 pel cent of surface area involved would not have permitted a Thiersch 
operation even if enough suitable donor sites could have been found Sixty- 
two per cent of the first Thieisch grafts on all cases grafted weie fully 
successful , 14 per cent partially successful , and 24 pei cent faded All areas 
treated without grafting were necessaiily small and usually consisted of 
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multiple small aieas The smaller number of cases lecoided m Table VI, 
under healing time, is due to the fact that infoimation conceinmg some cases 
was secuied by lettei oi telephone and not by direct obseivation, and such 
mfoimation has not been used The table shous that m them theie was 
a more marked diffeience m favoi of vaseline so fai as the time lequired 
for the slough to disappeai is concerned, but essentially no difteience m the 
time of final healing This is to be expected as the lattei is dependent on 
the exact sizes and shapes of aieas and possibly on the efficiency of secondaiy 
treatment lather than on the oiiginal tieatment 

Fuithei analysis of the available data peimits the following statements 
to be made 

1 If Tables V and VI veie sepaiated into “Cocoanut Grove’ cases and 
other cases, no difference m lesults would be found 

2 Deep burns became fiee of slough aftei a longei mteival than bums 
that barely lemoved all epithelial elements This was particularly tiue if 
fascia or tendons vere involved, as was tiue m some of the patients with 
burned hands 

3 Location of the burned area was not as important as in second degree 
burns although, again, the thick skin of the back w^as usually slow to separate 
even wdien the underlying fascia w^as not involved 

4 Third degiee bums fioni scalds, although less common, reacted m 
no w^ay differentl} fiom third degree bums of the same size and depth that 
were caused by other forms of thermal tiauma 

SUMMARY AND CONCLUSIONS 

1 One hundred and fifty cases of bums have been studied from the 
point of view' of compaimg lesults followaiig suiface applications of ointment 
gauze dressings, tannic acid-silver nitrate, and triple dye 

2 There w'ere twm slight clinical infections in 75 patients that had second 
degiee burns only, and none of the 75 patients died 

3 Edema of the face disappeai ed veiy rapidly wuthout any application 
of pressure 

4 Skin healing of second degiee burns of all areas except the back, 
took place a few days earlier if ointment or triple dye w-ere used than if 
tannic acid w'as used Skin healing of second degree burns of the bade 
took place a few days earlier if vaselmed gauze 01 boric acid ointment w'ere 
used for treatment than if either tannic acid-silver nitrate, or triple dye 
w'ere used 

5 Skin healing of second degiee burns of the face w'as faster and of the 
back slower than of all other parts of the body 

6 Fifty-seven patients had mixed second and third degree burns with 
nine per cent, or less of body area involved 111 third degree burn There w ere 
19 instances of clinical infection in these cases, but none w'ere serious None 
of these patients died 
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7 Eighteen patients with inoie than ten pei cent of surface area involved by 
a third degree burn either died or weie seiiously ill before recovery 

8 One patient died from shock at 22 hours following inadequate plasma 
administration 

9 One patient died at five da\s with thiomhoc\ topenic piirpuia, anemia 
edema, azotemia, and anuiia as complications 

10 The lemaining l6 patients demonstiale that patients with 20 pei cent, 
oi moie, of suiface aiea involved in a thud degiee hum hace a ver) critical 
burn All five patients with lo oi 15 pei cent of thud degiee hums survived 
while only three out of elecen with 20 pei cent 01 laigei aieas suivived 

11 All the patients who died and many of those who lived with third 
degiee bums of ten pei cent aiea 01 moie, show'cd intection severe loss 01 
weight, and ciitical metabolic distui bailees including azotemia, hypoproteinemia, 
anemia, and abnoimally high losses of nitiogen 

12 The statistics suggest, hut do not pune that vasehned gauze and 
tuple dye tieatment weie safei toi laige thud degiee burns than treatment 
with tannic acid-silvei nitiate 

13 Small third degiee hums became tree of slough and weie giafted 
eailiei than laige ones 

14 Areas tieated with vasehned gau/e became liee of slough and w’ere 
giafted eailiei than aieas tieated wnth the othei two methods 

The authors acknowledge with deep gratitude the enormous labors of the hospital 
staff, in all grades, and in all departments, and of seceral other agencies and indiuduals 
too numeious to name, cvithout whose help the studj of and care of these patients, 
particularly those from the Cocoanut Grove disaster, could not ha\e been carried out 
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GUNSHOT WO^IjNDS OF THE ABDOMEN 

A SURVEY OF 238 CASES 

Lt Colonel Daniel C Elkin and 1st Lt William C Ward 

• MrDicAi. Conrs 

AuAtA OF THL UxiTLD SrATIS 

FROM THE WHITEHEAD DEPARTMENT OF SUEGFRT EMORT UMVFRSITY, ATLANTA GA 

Prior to World War I conseivative Ueatment was generally advised 
foi gunshot wounds of the abdomen leceived duiing battle In the American 
Civil Wai theie weie 3,690 such cases, with a moitality of 90 per cent ^ 
In the Spanish- Amei lean War there were 44 cases repoited Four w'ere 
opeiated upon, and all foui died Of the lemaming 40 that w^eie treated 
conseivatively, 25 died, a mortality of 625 per cent During the Boer 
War (1900) and the Russo-Japanese Wai (1904-1905) these patients were 
treated by starvation and large doses of moiphine' Because of such war 
reports, the mihtaiy surgeons in the early days of World War I w'ere of 
the opinion that practically all cases recovered were not operated upon 
The reports from civil life pointed to a more favorable result wnth early 
operation Grant,® m 1899, collected 253 civilian operated cases of gunshot 
wmunds of the abdomen, wath a moitality of 52 pei cent 

Early in World War I, Leiiche"* leported that the mortality with con- 
servative tieatment w'as ovei 80 pei cent, and advised early operation In 
1916, Wallace’ repoited a study of 1,200 cases of gunshot wmunds of the 
abdomen among the British Expeditionary Forces In this laige group 
the mortality of the opeiative cases w^as 53 9 pei cent, wdiich was not strikingly 
less than the total moi tahty of 60 2 pei cent, including the nonoperatn^e cases 
In 1917, Lockw'ood and Kennedy® lepoited 500 cases seen in an advanced 
casualty station There weie 356 opeiative cases, wath a moitalit}'^ of 51 7 
per cent 

In 1924, CondicP reported nine deaths in 20 cases of gunshot w^ounds 
of the abdomen seen at the Gouveneur Hospital, New^ York In 1931, Bill- 
ings and Walking® reported 114 cases from Philadelphia, wath an opeiativ^e 
mortality of 482 per cent Prey and Foster^ leported a 68 per cent in 22 
cases McGow^an^® analysed 164 cases of penetrating wmunds of the abdomen, 
of which 64 W'ere gunshot w'ounds, wath a moitality of 593 per cent 
Oberhelman and Le Count^^ review'ed 343 cases from the Cook County 
Hospital, with a mortality of 61 4 per cent in the opeiative cases In 1938, 
Taylor *■ reported loi cases of gunshot wounds of the abdomen w'hich 
included 1 1 that had been shot wath shotguns There w'as a mortality of 53 4 
per cent foi the operative cases of the entire group In an anatysis of 35 
personal cases Storck^® was able to show a moitality of 40 per cent In 
1941, Rippy“ leviewed 369 cases that w'ere seen in a 17-year peiiod Three 
hundred and thirty-seven of the patients were operated upon, with a mortality 
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of 6o 5 pei cent The mortality of 29 of these cases tieated m 1940 was 41 3 
pel cent He also piesented 36 cases of shotgun wounds of the abdomen, with 
a moitahty of So 5 pei cent Moic iecen%, Hamilton and Duncan^® 
1 e^ leu ed 336 cases of peneti ating wounds of the abdomen The total mortality 
for 190 gunshot wounds w’as 51 pei cent, the opeiatne mortality for 182 cases 
w as 48 9 pel cent 

This stud} IS based on 238 patients who w^ere admitted from January i, 
193/, to Januaiy i, 1943 to the Surgical Seivice of the Emoiy University 
division of Grady Hospital, with the provisional diagnosis of gunshot w'ound 
of the abdomen All of the patients weie Negroes Those wdio died in the 
emeigency clinic befoie admission to the waids are not included With 
this exception, the cases w^eie consecutue Of the 238 patients included 
in this senes, 29 weie shotgun wounds and 209 w^ere pioduced by rifle or pistol 

Shotgun IVoHuds — Of the 29 patients w'ounded wnth shotguns, tw’'0 died 
before any opeiative proceduie could be cairied out Nine patients weie 
not operated upon because it was thought that veiy fews if any, of the pellets 
had entered the abdominal cavit} and that the small peiforations, should 
there be any, would seal spontaneously In this group there was one death 
from pelvic abscess and peiitonitis This death occurred three w^eeks after 
admission One of the unopeiated patients lequiied a tiansfusion after 
passing fresh blood in the stools Six of the operative cases required 
resection of involved intestine, one of these suivived, and m this instance 
an exteriorization and delayed anastomosis w'as done Those requiring 
resection w^ere shot at close lange wnth resulting extensive destruction ot 
the abdominal w^all, and often there w'as serious damage to the li\ er, kidne\ , 
pancreas and laige blood vessels The mortality for the opeiated gioufi 
55 5 per cent, and the total mortality for the entire group, including the 
unoperated cases and those that died immediately after admission, was 44 8 
per cent (Table I) 


Table 1 



SmLMATION OF 29 CASES OF SHOTGUN WOUNDS 






Operated 

Not Operated 


Died 









Immediately 

Died Impro\ ed 

Died 

Improv ed 

1937 



1 


1 

1938 


2 



2 

1939 

1 

1 




1940 


2 

2 


S 

1941 

1 

4 

2 



1942 


1 

3 

I 



2 

10 

8 

I 

8 


Ptsfol and Rifle Wounds —In the group of 209 patients wTo w^ere shot 
with pistols or rifles, 15 died before any operative procedure could be carried 
out These patients w^ere admitted in severe shock and did not respond 
to intravenous fluids or transfusions One patient refused operation and 
left the hospital against advice, it w^as thought that his only injury was 
to the liver His death was not subsequently recorded Thirteen patients 
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were not opeiated upon because it was thought that the bullet did not 
enter the peritoneal cavity, one of these died, and autopsy revealed a 
large abscess in the right paracolic space One patient was admitted 
to the hospital with an abscess extending above the umbilicus and point- 
ing in the pelvis, three weeks after having received a bullet wound in 
the right lower quadrant She improved after drainage of the abscess 
Of the i8i patients in this group who w^ere operated upon, 84 died and 97 
were discharged improved, making a mortality rate in the operative group 
of 464 per cent The total mortality, including those that died soon aftei 
admission, was 47 8 pei cent (Table 11 ) 

Table II 

SUMMATION OF 209 CASES OF PISTOL AND RIFLE WOUNDS 

Operated Not Operated 

Died . .■ — • 



Immediately 

Died 

Improved 

Died 

Improved 

1937 

4 

21 

18 


3 

1938 

1939 

S 

I 

15 

11 

17 

9 



1940 

2 

15 

18 


3 

1941 

1 

16 

18 

1 

1 

1942 

2 

6 

17 


2 


— 

— 

. — 

- 

— 


15 

84 

97 

1 

12 


lupines Found at Opciatwn — In the gioup of i8i patients wounded wuth 
pistols and iifles who had exploiatoiy celiotomies, a combination of large 
and small intestinal wounds w'as found most fiequently Injury to the small 
intestine alone was next frequent and injury to the laige intestine alone was 
third in older of frequency The injuries and results aie recorded in Table III 
Cause of Death — Seventeen of the 238 patients died immediately after 
admission, and four died on the opeiating table Shock and hemoiihage w^ere 
striking findings Fortj-seren of the 94 postopeiatne deaths (50 pei cent) 
occurred within 48 houis These deaths aie arbitiaiih classified as due to 
shock and hemoiihage, pneumonia and peritonitis, 01 combinations of these 
Mason, and Loria^® have emphasized the influence of hemorrhage on the 
mortality Severe blood loss seems to predispose to the derelopment of 
pneumonia and peritonitis, hence there is much confusion of these factors 
as the actual cause of death 111 the earlj postoperative peiiod Twent) deaths 
occurred between the second and seventh postopeiative days and wuth one 
exception, all w'ere due to pneumonia 01 peiitomtis The exception was a 
case wuth evisceration on the fifth and death on the sixth postoperative day 
The late complications and their results are shown m Table IV 

Chemotheiapy — Thirty-three of the entire operative group of 199 patients 
were given sulfanilamide Fourteen received the drug subcutaneously and 
19 received it both subcutaneously and intraperitoneally , the numbei of' deaths 
W'as six and five, respectively, making a mortality of 33 per cent The drug 
seemed to he of considerable value in controlling the peritonitis The aver- 
age amount used intra-abdominally was 5 Gm 

782 



Volume 118 
Number 5 


GUNSHOT WOUNDS OF ABDOMEN 


Table III 


TABULATION OF LOCALIZATION AND RESLITS ON PISTOt AND RIFLE WOLWDS OPERATED UPON 



No of 
Cases 

Died 

Lived 

Stomach 

S 

4 

4 

Stomach and small intestine 

3 

2 

1 

Stomach and luer 

1 

1 

0 

Stomach and kidnej 

1 

1 

0 

Stomach and pancreas 

2 

1 

1 

Stomach and colon 

4 

3 

1 

Stomach, pancreas and kidnc\ 

1 

1 

0 

Stomach, kidnej and spleen 

1 

1 

0 

Stomach, colon and small intestine 

1 

1 

0 

Stomach and chest 

2 

2 

0 

Liver 

16 

3 

13 

Lner and kidne\ 

6 

4 

2 

Liver and chest 

1 

1 

0 

Liter and colon 

1 

0 

1 

Lner stomach pancreas and kidnet 

1 

1 

0 

Small intestine 

37 

14 

23 

’'mall intestine and colon 

32 

15 

17 

Small intestine and bladder 

2 

1 

1 

Small intestine bladder and rcttuni 

3 

1 

2 

‘•mall intestine and head 

1 

1 

0 

Duodenum and colon 

1 

I 

0 

Duodenum and in cr 

2 

2 

0 

Large intestine 

17 

8 

9 

Colon and appendiv 

1 

I 

0 

Colon and chest 

I 

1 

0 

Bladder 

1 

0 

3 

Gallbladder In cr and stomach 

2 

0 

2 

Kidnej 

3 

0 

3 

Kidnc> and spleen 

2 

1 

1 

Kidnej, colon and small intestine 

4 

3 

1 

Kidnej and chest 

1 

1 

0 

Spleen, large and small intestine 


2 

I 

Blood vessels 

Aorta and \ ena cava 

1 

1 

0 

Aorta and small intestine 

1 

1 

0 

\ ena cat a and small intc'-tinc and colon 

1 

1 

0 

Portal t cm 

1 

1 

0 

Comiiion iliac 

1 

1 

0 

No pertorations found 

7 

1 

6 

No peritoneal perforation 

5 

0 

3 


181 

81 

97 

Diagnosis — In most instances, the diagnosis offers little difhculU 

It is 


desirable to ascertain the time inteival between the injury and hospitalization 
and, if possible, the direction of line of fire As emphasized by Me}ei and 
Shapiro,^'’ the back and sides, as well as the front of the abdomen, should 
be inspected and palpated carefully When there is no wound of exit, 
frequently the bullet may be felt immediately beneath the skin at some 
distance fioin the point of entiance Eisbeig-*^ has called attention to 
the need foi caieful stud} of the point of entiance m oidei to detei- 
niine the dneclion of the bullet When the bullet enteis the skin obliquely, 
dll area of abiasion appeals on the pioximal side of the wound and 
au area of undermining m the subcutaneous tissue Muscle rigidity ma} 
be absent or as pronounced as that found wnth ruptured viscus Pal- 
pation of the umbilicus or palpation of the pelvic peiitoneum b} rectum 
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Table IV 

LATE POSTOPERATIVE COMPI ICATIONS OTHER THAN PNEUMONIA AND PERITONITIS 

No of Cases 

Postoperative obstruction requiring operative relief S 

Pelvic abscess ® 

Empyema ^ 

Liver abscess 2 

Subdiaphragmatic abscess f 

Pylephlebitis ^ 

Postoperative evisceration 5 

Granuloma of lung 1 

Arteriov enous fistula (femoral) postoperativ e gangrene of leg 1 

27 

Will reveal cases with minimum peritoneal in Rations Occasionally, when 
the internal injuiy is confined to the chest and associated with a hemo- 
thorax, there may be rigidity and tenderness of the upper abdomen 

The presence oi absence of peristalsis cannot be i ehed upon , it may be present 
v,hen theie is either blood or small amounts of solid feces present in the 
abdominal cavity Many of the cases seen early have peiistalsis 

Immediately upon admission to the hospital a urine specimen should he 
collected and examined for blood If no urine oi only a few drops of blood 
aie found on catheterization, it is piobable that theie has been a perforation 
of the bladdei Roentgenologic examinations are helpful in many instances 
They may indicate the position and piobable course of the bullet or may 
leveal the presence of free au in the peiitoneal cavity, and thus influence 
the location of the incision Some patients have practically no abdominal 
findings except the wound of entiance, therefore, it is best to explore 
the wound of entiance to deteimuie the depth and direction of penetration 
or to exploie the abdominal cavity if it is at all possible that the bullet 
had entered it To await signs of peiitoneal irritation is not justifiable 
Peritoneoscopic examination has been advocated by Hamiltoiw^ in ques- 
tionable cases of penetiation of the peiitoneum 

PREOPERATIVE OPERATION 

Patients in shock aie immediately placed in Tiendelenburg position 
Fluids are administered intravenously in all cases Many of the patients will 
lequiie blood or plasma When urgency demands, Gioup “o” blood may 
be given without cross-matching Moiphine sulphate is admmisteied im- 
mediately unless the patient is m an alcoholic stupor Warm blankets and 
hot water bottles are placed about the patient A tube is inseited into the 
stomach through the nose, the gastric contents ai e , aspirated, and the 
tube IS left in place If sufficient time elapses in the pieoperative period, 
500 cc of o 8 per cent (4 Gm ) sulfanilamide, is given subcutaneously as 
the initial dose Mixed antianaerobic seium and 1500 units of antitetanic 
serum is administered prophylactically to all patients Attempts are made 
to move the patients to the operating room quickly and in the best possible 
condition Supportive measures can be continued during the operation 
Anesthesia —Although spinal anesthesia has been advocated for selected 

784 


Deaths 

2 

5 

3 

1 

0 

1 

1 

1 

I 

15 



Volume ns 
Number 5 


GUNSHOT WOUNDS OF ABDOMEN 


cases, its safety cannot always be piedicted Nitious oxide-oxygen induction 
followed by ethei is safest Some method foi aspiiatmg the phaiynx and 
tiacliea should be available 

OPEIUTIVE PKOCEDUEE 

Wounds of entiance and exit are hist excised, tieated wuth sulfanilamide 
ci3stals, and packed 

A'luscle-splitting lectus incisions ha\e been used foi all exploiations 
In most instances this is placed on the light side and gives ample exposuie 
to exploie the entire contents of the abdominal caMty Occasionally, the 
left lectus incision, oi a tians\eise incision m the flank, will ofter bettei 
exposuie of the aiea of gieatest damage 

Immediateh upon opening the abdomen the contents of the peiitoneal 
cavity aie aspiiated Vigoious bleeding, if piesent is conti oiled Usually, 
bleeding fiom the Inei can be tempoiaiily conti oiled wuth moist, hot packs, 
and bleeding fiom laige mesenteiic \essels wnth digital compiession of the 
root of the mesentei). until clamps can be placed on the open vessels 
Hemorrhage fiom wounds of the largei ^essels is conti oiled with digital 
pressure until the site of bleeding is exposed and sutuied Autotiansfusions, 
as suggested b) Hamilton and Duncan,’'’ may be emplo}ed undei desperate 
circumstances 

Usually, the cecum is examined fiist, the small intestine is then inspected 
from the ileocecal junction to the ligament of Tieitz, using w’aim, moist 
packs to handle the intestine Any peifoiations aie lepaned as the) 
are found Should a lesection be necessaiy. clamps aie placed on the 
open ends as a landmark, w’hile the lemaindei of the small intestine is 
examined, thus avoiding the possibility of pei forming two anastomoses that 
could readiU be conveited into a single one without the loss of too large 
a segment 

The laige intestine is exploied next Solid feces is lemoved wnth dry 
gauze sponges The stomach and jetiopeiitoneal structuies are then caie- 
fully examined Model atel} -sized letiopeiitoneal hematomata aie left 
undistuibed unless they involve the kidneys, pancreas oi duodenum Longer 
incisions and evisceration, as advocated by McGow^an,’® and ConnoiS“^ 
should be used if aieas of mjiny cannot be exposed adequately Minoi 
laceiations of the kidney oi spleen can usually be sutuied, othenvise these 
oigans should be lemoved Most w^ounds of the liver are not bleeding 
at the time of exploration, but if active bleeding is piesent sutures on a 
large, half-round, blunt needle can be used In some instances it is necessary 
to use a gauze pack w^hich is brought out through the incision or a stab 
wound Perforations of the diaphragm (on the left) should ahvays be closed 
to avoid the possibility of herniation 

All perforations in the intestines are freed of protruding mucosa and closed 
tiansversely wuth a running sutuie of fine chiomic catgut, which includes 
all lajers This, in turn, is inverted wuth mteiinpted sutures of fine silk 
Silk has been used on many occasions foi the initial line of sutuies and no 
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apparent difficulty has been encountered However, silk should never be 
used in bladder mucosa since it may initiate calculus formation 

After completing the exploration and repair of injuries, the peritoneal 
cavity IS again aspirated No attempt should be made to irrigate the 
peritoneal cavitv Peritoneal drains aie not indicated Four to 6 Gm of 
sulfanilamide crystals are dusted into the abdomen At the present time 
this seems to be the di ug of choice for these cases The peritoneum is 

closed with catgut The remainder of the wound, including all layers except 
the peritoneum, is closed with through-and-through sutures of silver wire 
or silkworm gut About i Gm of sulfanilamide is placed in the incision 

POSTOPERATIVE TREATMENT 

The patients are placed in Fowler’s position after reaction, unless shock 
is evident Constant suction with an indwelling tube is applied to the 
btomach and 4 000 to 5 000 cc of fluids is administered daih Sulfa- 
nilamide is given subciitaneousK , using 1^0 cc of 08 pei cent solu- 
tion (12 Gin) even six hours Fiecpient blood sulfanilamide detei- 
minations should be made The appearance of jaundice and anemia are 
indications for discontinuation of the drug In the absence of toxic effects, 
admimstiation is continued subcutaneously until sulfadiazine can be taken 
b)'^ mouth This usually takes four to five days in uncomplicated cases 
When peristalsis is normal the abdomen soft, and flatus is being passed bj 
rectum, gastric suction can be discontinued and w^atei given by mouth 
During the immediate postoperative period oxygen with 5 per cent carbon 
dioxide is administered every 4 hours to prevent pulmonary atelectosis Ob- 
struction and paralytic ileus occurring m the early postoperative period lespond 
well to the use of the Miller- Abbott tube Feeding is begun on the sixth or 
seventh dav Wound infection pehic abscess and subjihienic sujipuration 
should be caiefullj watched foi 

Discussion — The moitaht} late in gunshot wounds of the abdomen has 
remained high (and will probably continue to remain high) because there 
IS always a laige percentage of deaths by virtue of extensive damage to the 
abdominal viscera and large blood vessels Tlie factors that determine mor- 
tality fall into two groups (i) Those that cannot be influenced by the 
surgeon’s skill and management, and (2) those that can be minimized by 
greater efficiency in treatment The severity of the wound, the time re- 
quired to reach the hospital where adequate therapy can be instituted, and the 
physical status of the patient prior to receiving the injury are obviously 
uncontrollable factors The type of anesthesia, the prompt but complete 
exploration with repaii of damage, the propei use of chemotherapy, and 
the postoperative management aie all factors wdiich aie definitely controllable 

Many of the patients considered here were intoxicated and some were in 
an alcoholic stupor Their state of nutrition was frequently poor, syphilis 
and cardiovascular diseases were common The severity of hemorrhage and 
shock was controllable to some extent by the prompt administration of 
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plasma or whole blood, thus allow ing the patients to be brought to operation 
more quickly, and increasing the chances of survival 

SUMaURl 

1. A statistical review of 238 cases of gunshot wounds of the abdomen 
IS presented 

2 The general plan of treatment is discussed 
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PRINCIPLES UNDERLYING THE OPERATIVE APPROACH 
TO THE TREATMENT OF MYOCARDIAL ISCHEMIA* 

Claude S Beck, M D 

Ci.E\ELAKD, Ohio 

FROM THE DEPARTMENT OF SURGERY, WESTERN RESERVE UNIVERSITY, CLEVELAND, OHIO 

I SHOULD LIKE TO RECORD THE RESULTS obtained by luy associates and my- 
self on the subject of revascularization of the heart This work represents 
the results of several thousand experimental operations upon the heart carried 
out during the past ten years I should also like to comment upon the nature 
of coronary arteiy disease m reference to the operative approach for its relief 
Thirty patients with sclerosis of the coronai}- arteries were operated upon 
between the years 1935 and 1938 This small gioup of patients were regarded 
as a study group The clinical results in the patients who survived the 
operation were satisfactory, and seven additional patients were operated 
upon before the present war mteiiupted further application of this work 
The lesLilts m the patients will be recorded by Dr Harold Fed 

It IS clear to me that the principles underlying the operative approach 
to this subject must be based upon expeiiment The underlying concepts 
for this appioach cannot be plucked out of thin air, no matter how enter- 
prising the sLiigeon may be I do not believe it is possible to contribute 
to these pimciples m the early stages of this work by operating upon patients 
The operation is not based upon extirpation The surgeon cannot take out 
the diseased arteries nor can he remove an infarct The pnncijiles under- 
lying the operation must be brought to light by caiefully controlled experi- 
ment before he justifiably can apply the operation to patients 

One concept which has come out of this experimental background con- 
cerns the natuie of coronary artery disease It can be compared with 
epilepsy As sclerosis of the blood vessels develops a zone of anoxemia 
appears In the heart, as m the brain, an irritable focus or “tugger” appears 
which can “fire” and destroy the normal physiology A focus in the brain 
produces a convulsion, a focus in the heart destroys the coordinated ihythmic 
contraction and relaxation of muscle fibeis and produces ventricular fibi illa- 
tion Some fibers are relaxed while others are contracted The heait 
cannot expel blood and the patient dies I need scarcely say that the man 
who has a trigger developing in the heart usually does not have a failing 
heart When it “fires” it is sudden, often unexpected and always final 
and irreversible 

Another concept which has come out of the experimental work is that 
of a blood-bath to the trigger zone By this term is meant an amount 
of oxygenated blood which (i) aviII reduce the irritability of the zone 

* Aided by grants from the Josiah Macy, Jr, Foundation and. the John and Atary 
Markle Foundation _ ' 
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and prevent it fiom “filing”, and (2) will pieseive the viability of heart 
muscle and pi event it from degeneiating into scai tissue 

The leqinrements foi a blood-bath cannot be given in cubic centimeters 
of flow pel minute but can be indicated by an illustrative experiment A 
trigger can be ieadil> pioduced by ligation of a number of small arteries, 
leading to a zone of myocaidium (Fig i) In this experiment one small 
arteiy aftei anothei is ligated and the myocardium supplied by these arteiies 
becomes incieasmgl} cjanotic Foi proposes of quantitative illustiation, 
I can say that the zone does not “fiie” when five of these small arteiies are 
ligated ' The animal can lecorei fiom these ligations Howevei, if an 




Fig I — Two tvpes of coroinrv nrtcrv occlusion 

A Partnl occlusion of three nnjor Tricncs This imj be tolcnted b> the heart 
B Complete occlusion of si\ arteries to a small area of the left \entrtcle This 
produces a trigger which in turn products \cntncu)ar fibrillation and death A blood 
bath to this area is pi oph> lactic 

additional artei} is ligated the tiiggei does “fiie” and the animal is lost 
This one additional channel, small as it is (but not insignificant), may 
be legarded as “the last stiaw ” I think this expeiiment cleail} indicates 
that a small amount of blood can be effective as a lilood-bath Repeated 
experiment lias emphasized, ovei and ovei again, the significance of a 
small amount of blood delivered to that pait of the myocaidium wdieie 
the blood supply is deficient Those wdio are adveisely ciitical of this 
research on coronary artery disease and the surgical approach to its 
treatment wall please bear this point in mind A small amount of blood 
can make the difference between recoveiy and death Oiii experiments 
have show’ll that there are three methods of approach for the pioduction 
of a blood-bath (Table I) 


Table l 

A Blood-Bath Can be Provided by Operative Methods 

By establishment of extracoronary communications This can be done by grafting tissues upon the heart 
y establishment of mtercoronarj' communications This can be done m two ways 
a By inflammation on surface of heart produced by operative methods Asbestos produced the most 
favorable response 

b By providing a time factor so that arterial occlusion becomes effectn e This can be done by methods 
1 and 2a of this outline 
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Exhamonayy Commumcafions — These are produced by grafting tissues 
upon the heart The tissues available aie numerous I can mention peri- 
cardium, mediastinal fat, chest wall, lung, diaphragm, stomach, spleen and 
omentum We used these various structures experimentally in our early 
work but the use of some of them is not practical My chief concern has 
not been ivhethei pectoial muscle Oi omentum should he used hut u’hethei 
vasculai communications can he denton<ity ated by anv method and nnfh 
any tissue It is up to the sui geon to show w hat he can pi oduce m the 
way of communications and it requnes more than a few experiments to 
make a satisfactory demonstration of these vascular communications Figure 
2 show's some specimens showing these communications The coronary 
aiteries have been injected wnth a mixtuie of barium sulfate and gelatin 
and the specimens have been cleaied by the Spalteholt? method The blood 
vessels can be readily seen extending fiom the coionar) aiteiies out into 
the blood vessels in the grafts that were placed on the heart There are 
communications betw'een the lieart and the grafts They are large enough 
to be seen without magnification Let us try to inteipiet these anastomoses 
m terms of w'hether they might be adequate to produce a blood-bath 

Intel coy onaiy Communications The coionary aitenes are essentially 
end-arteries If one coionan aiten is injected wnth a mixture of barium 
sulfate and gelatin piactically none of this mixture passes beyond the 
arterial bed of the injected arterj' (Fig 3) If the descending ramus of 
the left coronary artery is ligated during life and then tiansected distal 
to the ligature it will be found that the blood emerging from the artery m 
a retrograde direction “can be measured only m drops not in cubic centi- 
meters per minute” (Wigger’s Text Book of Physiology) This small 
quantity of blood comes from intercoronary communications Because of 
this anatomic arrangement we find that the heart is predisposed to 'the 
development of a tnggei 01 an mfaict w'hen a majoi aiten is occluded 
Conveisely, if some communications between coi onaiy aiteiies are present 
then one of these aitenes can be ligated without producing a tnggei and 
without jwodiicing necinsis of muscle With a full appieciation of the 
\alue of mtei coionan communications let iis inquire into the methods bi 
which they can be pioduced Intel coi onaiy communications can be pioduced 
in two ways One is by the production of inflammation on the surface of 
the heart The other is by coronal y occlusion plus a factor of time 

A — ^INFLAMMATION ON THE HEART 

It occurred to me early in our expeiimental W'ork that a bed of granulation 
tissue on the heart would increase vascularity and distribute blood to every 
part of the heart I used powdered beef bone to produce an inflammatory 
reaction, both ex'periinentally and on patients This was the first attempt 
to produce inflammation on the surface of the heart We did not make 
any measurements of the amount of help this procedure afforded until 
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Fig 3 — Normal hea*^ Co*'onar> artcric'^ injected v#ith mixture of fnrium sulfate ind /cHtin 
Tie co-o-iarj arte-ies a'-e practically end-arttrics but a fev/ intcrcommunic itions can be found in 
some specimens 

A. Left arcum^er artcrj injected Small amount of bariiiri sulfate can be seen in descending 
ra'-js (/ left oo-o-iarj artery 

E C zcxr^s.°t.r. b-anci of left coronary artery injected 
C Common left co-o-’ar, arte-rj irjectc 1 
D Th’-ee co-ona-y arte-ics irjcc‘ed 
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Stanton, Schildt and myself^ cained out such studies t\\o jears ago We 
exposed the heart by operation and then abraded or scraped off the epi- 
cardium by special burs made for this purpose The incision was closed 
One to three weeks later the heart was again exposed at operation and the 
descending ramus of the left coronary artery was ligated at its origin This 
experiment was pel formed on 50 dogs Ligation of the arter} alone i\as 
performed in anothei group of 50 dogs The mortality in this control 
group was 70 per cent The mortality in the group, m which the surface 
of the heart was abraded at the first operation and the descending ramus 



Tic 4 — Circumflex bniich of left coromr\ nrHr\ niid the right coroinr\ Titei\ were injected 
with a mixture of barium sulfate and gelatin The discending ramus of the left coronarj arter\ is 
indicated by the arrow Note the difference in the injection in these specimens 
A A normal heart 

B A heart the surface of which was abraded at operation two weeks befoie hilling the animal 
for injection The degree of injection in the descending arteri is an indication of the intercoronara 
communications present in these hearts (A) Shews the greatest injection out of a group of ten 
normal hearts and (B) shows the greatest injection out of a group of ten abiaded hearts^ 

of the left coronaiy aiter}^ ^^as ligated at its oiigm m the second operation, 
was 38 pel cent We could demonstiate intercoronary anastomoses in man}’^ 
of these abiaded hearts (Fig 4) and, indeed, in some of the specimens 
the infarct was small, or there A\as no infarct at all, after the aiteiy had 
been ligated The absence of an infarct in something that never occurs in 
a normal heart after ligation of this artery at its origin in one step This 
IS a simple experiment and I do not see where there can be an} misinter- 
pretation of results Indeed, insofar as the reduction in mortality is con- 
cerned, we might note that each of the control group had one anesthesia 
and one operation while each of the other expenments had two anesthesias 
and two operations The difference in mortality is definite and conclusive 
One does not like to abiade the human heait because it produces extra- 
systoles and tachycardia- Fortunately, it is not necessary to do this at 
operation because the application of inflammatory agents on the heart 
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Fig 2 —a Epicarduim stripped ofT, nsbestos ''j^p[g'^^°xtracoronar^"comm^ and 

Specimen five weeks later Coronarj arteries ^ ^ <;tiTOulus of coronary artery occlusion 

internal mammary arterj These anastomoses crafted on the heart Arterial occlusion at 

B Substernal muscle with internal mammary ® -r^ Note injection of internal mam 

subsequent operations Specimen injected through coroinr' arteries laore j 

mary and other arteries of graft applied i6 days later descending 

C Heart abraded, brought into contact with ’ -Rip-kt and circumflev coronary arteries 

coronarj artery occluded Dog Willed after three mont s the chest wall ^ _ 

njec^d Descending LXTgr“on\o''heIrt “ Later on, desce.— ~ 



months later, specimen remot ed actual communications betsieen coronary arteries 

descending ramus of left coronary artery Also note 

and arteries of the pericardium in si/e It is suggested that they be 

These colored reproductions are necessarily reduced in 

observed through a magnifying glass 
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Fig 12 — Human heart Patient totally incapacitated Operation 
Patient improved and returned to ivork Death two \ears and three 
months later from cerebral hemorrhage Specimen injected through 
coronarj arteries and cleared by Spalteholtz method Note the vessels 
in the grafts which are more superficial than the deeper coronary ves 
selb Clinical improvement can be explained by these extracoronarj 
I easels 
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accomplishes a similai lesult Ten \eais ago I studied a few inflammatoi \ 
agents and found that some pioduced a ^ery seveie leactjon, and concluded 
that it was dangeious to use ceitam substances Compaiative measurements 
of the eftect of difteient inflammatoi} agents on the heait was cained out 
b> Schildt, Stanton and iinselt* in the past thiee }eais Other woikers 
m the field ha\e used difteient substances but ouis is the only lecoided 
attempt to measuie this factoi and to compaie the ellect pioduced by one 
substance with the eftect pioduced b} anothei substance We studied the 
ettect of moie than twent\ substances and found that one of the silicates 
m the foiin of powdeied asliestos pioduced the most desnable lesuIt Again, 
we obsened that one cannot mdisciiminateh select the inflammatory agent 
to be used Some aie extiemch dangeious Dosage is also impoitant 
We found that 02 Gm of powdcicd asbestos was safe, that it pioduced 
a highl} \asculai reaction between hcait and suiioundmg tissues and that 
the leaction was not too sc\cic \\ c <ilso found that the leaction extended 
over a period of months It was nnt of shoit duiation 

We ligated the descending lamus of the left coionar\ aiteiy at its 
origin in 19 dogs that had been tieated picMously with asbestos Out of 
these, SIX died and 13 icco\ered This was a moitaht} of 31 per cent, 
and can be compaied to a moitahu of 70 pei cent in contiol expeiiments 
Likewnse, in these experiments we could demonstrate a 1 eduction in the 
amount of myocaidium destio^ed following ligation of the aiteiy as com- 
pared to the lesults in noimal contiol experiments Indeed, in a few 
experiments, the arter\ was ligated and an infarct did not develop These 
expeiiments conclusi\el\ show that asbestos apjihed to the sui face of the 
heait pioduces communications between the coionarv aiteiies Figure 5 
shows specimens m which asbestos had been used 


E — CORONARY OCCLUSION PLUS A FVCTOU OF TIME 
Ihis is anothei stimulus loi the jiiodiiction of mteicoionaiy com- 
mumcations It is ceiv cllectne ni animals and it can lie eflective in 
patients Those patients who make a good clinical ieco\ei\ aftei coionan 
occlusion do so because thc\ develop good mteicoionaiy communications 
If the heait can tnleiate ligation of a coionaiy aitci_\ tlien in the course 
ol a few' weeks, good communications between the coionaiy aiteiies can 
be demonstiated This is illustiated m Figuie 5 It is to be noted that 
the factor of time is necessaix foi this stimulus to become effective In 
other words, the animal, 01 the patient, must continue to live long enough 
for these channels to develop aftei the coionaiy occlusion Occlusion, 
in the patient, is produced by the disease m the aiteiy It is not a step to 
be taken by the suigeon Can the component of time be piovided b} 
surgical methods^ The answei to this cpieiy is that surgical methods can 
contribute the tune factoi It is piovided b) extiacoionaiy communications 
and by the effect of inflammatoi y agents on the heait By piovidmg this 
time factor w’e can include this as a thud concept 01 piinciple by w'hich the 
circulation m the heart can be improved by operative methods (Fig 6) 
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Tic 7 — Skin incision over the piecordiiim exposing the 3rd, ttli, 5 th and 6 th costal cartilages 
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This, in biicf then, is the CMclence to suppoit the operative approach 
to the coionaiN piohlem You will notice that it is all built upon experi- 
mental evidence This i'^ the onl\ foundation upon which I should like 
to ha\e it built 

The next step is a mattei of apphuig these ideas and methods to 
patients with coionaiy aiten disease Let us he leasonable in our attitude 
towards this aspect of the piohlem What kind of patient should w^e accept 
for operation’ We know that we cannot give a new' set of coronar} arteries 



Fig 8 Pectoral muscle is retracted Costal cartilages and ends of ribs removed 


to the heart We know that we cannot give a new myocardium to the 
organ It is clear to me, and I think it must be clear to you, that advanced 
disease is practically hopeless from the surgical point of view Early disease 
with slight irreversible destruction of myocardium is the type of case for 
operation The purpose of the operation is to give the heart something that 
wall protect it wdien occlusion strikes, something that wall keep the flame of 

life from going out A concise presentation of this matter is given in Tables 
11 and III 
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Table II 

Requirements for Operative Treatment, 

1 Localized arterial and myocardial disease require a blood bath which can be provided by operation and 
which can prevent 

a Infarct formation 
b Ventricular fibrillation 

2 Extensive arterial and myocardial disease require a new set of arteries and a new myocardium which cannot 
be provided by operation 

Table III 

Classification of Coronary Artery Disease 

1 Trigger types with anoxemic heart muscle which may produce ventricular fibrillation 
a Threat to life 

b Blood-bath to trigger area is prophylactic 
c Types 

(1) Patients with little or no destruction of myocardium 

(a) Have the least risk 

(b) Obtain the best result 

(2) Patients with definite destruction of myocardium The amount of destruction determines 

(a) Risk 

(b) Result 

2 Non trigger type with approaching myocardial failure 
a Extensive destruction of myocardium 

b Optimal period for operation has passed as concerns risk and result 

PRESENT OPERATIVE TECHNIC 

I prefer nitrous oxide anesthesia^ We have no problem with anesthesia 
or with respiration The anesthesia is light and w^hen the operation is 
completed the patient becomes immediately conscious The patient is placed 
m semi-Fowler’s position on the operating table The ]nci,sion is curved 
along the left sternal border over the fourth, fifth and sixth costal cartilages 
and curved laterally along the sixth rib (Fig 7 ) The incision is carried 
through underlying muscle to the third rib and costal cai tilages The fourth, 
fifth and sixth costal cartilages are removed complete!} (Fig 8 ) A few 
centimeters of each of these iibs is also lemoved The pleuia is incised 
wheie these structuies were lemoved and the pleural caviU is entered 
The tissues between these incisions are left intact The internal mammary 
artery is left intact The inflation of the lungs is regulated so that the left lung 
comes well up with inspiration and collapses nicely w'lth expiration The peri- 
cardium IS then sutured to the piecorduim in such a w'ay that the heait w'lll not 
be rotated from its normal position (Fig 9) The lining of the parietal peri- 
cardium everywdiere is loughened bv special buis (Fig 10) Pow dered asbes- 
tos, 0 2 Gm , is then applied to the heai t Some of this is 1 ubbed into the parietal 
pericardium wnth a bur and some, mixed wuth saline, is di ipped upon the heart 
and along the mammary ai tery and vein Mediastinal fat is brought m through 
openings m the parietal peiicaidium so that it comes into contact with the 
heart Fat is probably the best tissue for purposes of vasculaiization 
All tissues that come into contact wnth the heart serve as giafts The 
parietal peiicardium is sutured to the chest w^all (Fig ii) so that the 
heart and the precoidium are in contact The internal mammary aitery 
and the intercostal arteries are in close proximity to the heart It is 
advisable not to touch the heart any more than necessary I do not 
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Usually fluid does not collect in the left pleuial cavity If it does form, 
It can be left to absorb oi it can be removed by aspiration 

The operation has undergone seveial changes since we first carried it out 
Originally I used pedicle grafts from the chest wall I also carried out 
a bilateral approach m sevei al patients, going in on each side of the sternum 
It was my desire to place giafts upon as much of the heait’s surface as possible 
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Fig 10 — Special burs for abrading parietal pericardium 


The operation as outlined above is a procedure of small magnitude The 
removal of the bony precordium allows the chest nail, with the mammary 
artery and intercostal arteries, to come into contact u ith the heart Perhaps 
in the future, a method might be worked out by which an inflammatory agent 
can be injected into the pericardial cavity and become effective by sealing 
parietal pericardium and mediastinal fat to the heait In one of my patients 
who was in circulatory failure, I removed a costal caitilage under novocain 
anesthesia and simply introduced an inflammatory agent into the pericardial 
cavity 

RESULTS OF OPERATION 

When it comes to making an evaluation of the operation, one encounters 
several problems The most important problem is to determine whether 
the improvement noted by the patient is due to the operation or wdiether it 
w'ould have occuired in the natural course of the disease wuthout operation 
We knowr that the natural course of the disease vanes from that of 
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minent death to that of almost full clinical lecovery ovei a peiiod of years 
I can think of one or t\\o methods which may help to stabilize interpretation 
of this variable factoi One method is by the selection of patients whose 
clinical course is eithei hoiizontal or declining over a period of seveial 
months The patient becomes his own control for evaluation of his 
status before and aftei operation When the clinical couise has become 



Fig II — Pericardial pencaiduim sutured to chest wall by about ten sutures 
Powdered asbestos, o 2 Gm , placed on the surface of the heart and also over the 
tissues m contact with the heart 


more or less stabilized we can mteipret impiovement m the clinical course 
as having been produced by the operation However, we cannot be absolutely 
secure m this deduction It is still possible that the improvement might 
have occurred without the opeiation Another method by which the result 
of the operation can be determined is to get what we might call a group 
experience If each patient in the group followed a pattein after operation, 
the evaluation would be moie simple But we must allow for variables 
in the group The occlusive nature of the disease may be progressive or it 
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ma} be quiescent foi a time and then become piogiessive It is also possible 
to hai e patients in the group \i ho ha\ e extensn e and n i e\ ersible disease 
of the arteries and myocaidium Such patients, even though they are 
fortunate enough to survive, may get little or no improvement from the 
operation Such patients belong to an inoperable group, but it is almost 
impossible to recognize them clinically so as to avoid operating upon them 
It might also appeal to be possible to evaluate results of operation by having 
two groups of patients going along side-by-side one gioup with the operation 
and the othei gioup without the opeiation We could compaie clinical 
1 esults including pain exeicise toleiance duiation of life eii Such data 
w'ould be valuable, but at the same time we must lecognize the fact that 
It IS impossible to get two identical gioups of patients It seems to me 
that the best wa} to get measuiements on the effectiveness of the operation 
IS to take patients whose clinical couise has become stabilized and let each 
patient become h,s own contiol If /v possible foi us to cii in eitJici 
dll ecfioii bv iiiakiii'i naluations that me not justified and b\ lejwung to 
make evaluations that me j list i fit d One mistake ?? quite as set lous as 
the otliei 

Theie aie two considerations that come to oui aid in the eialuations of 
1 esults One is the knowledge gained bi expeiimental w'ork, the other is the 
infoimation gained In examination of the heait aftei the patient dies, and 
mteipretation of the clinical result in terms of the specimen \\hthout these 
aids I should almost refuse to make a clinical interpretation of result This 
conseivatnc point of Mew I behe\t is netessan until the opeiation becomes 
established as a recognized foim ol ticatmcnl do illusliatc this attitude 
I might mention the fact that some patient'^ stated that the\ felt bettei 
as eaih as one week aftei ojiciation 1 icln and 1 had no explanation foi 
this eail} impioiement fioni the laboratoi} and we lefuscd to place am 
significance in these statements ol impio\emeiit Latei wc found in the 
laboiaton that inteicoionai \ (.oiniiiuiiications weie demonstiated as eaih 
as fi^e da} s aftei opeiation and with this as an aid we aie now willing 
to accept early improvement as being significant Likewise, we have had 
the opportunity of interpreting the clinical couise in terms of the specimen 
after death of the patient One of these patients was able to work as a 
salesman after opeiation He felt much bettei Two years and three 
months aftei operation he died from a cerebral hemoirhage Examination 
of the heait show^ed a numbei of vascular communications betw'een the 
heait and the giafts (Fig 12) The cleaied specimen is veiy significant 
m that in my estimation, it can account foi the clinical impiovement of the 
patient This is the best proof that I can give that coronary artery disease 
can be helped by operatne methods 

I think the patient is able to make an accurate appraisal of the results 
of the opeiation It is the patient who feels the pain and who knows w'hethei 
bis abilitv to get aiound has been improved Appended are statements fioin 
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some of the patients made AMthm the past few months concerning their 
present status 

“Feeling fine and able to work hard e\erj’’ day” (Operation 2-13-35) 

"kly condition is very good considering e\er} thing The heart is going along 
well and I believe I may live for several years, if some other trouble does not take 

me out of circulation ” (Operation 7 - 9 - 35 ) 

“I have had seven years of boirow'ed life due to your w'onderful skill and loyal 
interest in my case I am w'orkmg every day” (Operation 2-22-36) 

"I do a hard day’s w'ork in the machine shop everyday I haven’t missed a day’s 
work for a long time I feel fine and ha^e no trouble” (Operation 11-18-36) 

“I am still coming along in great shape and feel equal to about any occasion I 
am well pleased w’lth my condition Feeling fine and able to w'ork” (Operation 12-3-36) 
“The angina pain bothers me after meals, exertion and excitement, very seldom 
at rest I feel, howeier, that I ha\e been greatly helped by the operation” (Oper- 
ation 1-30-37) 

“At present, and for the past three >ears, I ha\e been working as a chef I 
w'ork \ery hard but feel no ill effects from it 1 use absolutely no medication of an\ 
kind and I am not under anj medical care” (Operation 1-30-37) 

“I feel fine I ha\e no trouble w’lth my heart” (Operation 3 - 6 - 3 /) 

“I have been feeling fine , eat anything and everything, and as much as I want, 
without distress I walk up and down stairs, get on and off street cars before they 
stop etc , w ith no discomfort I go to the stock market e\ ery day, which is equivalent 
to W'ork, and it does not affect me I feel sure that the operation saved my life and 
I expect many more years of continued good health Most of the time I don’t know I have 
a heart— going great'” (Operation 4-24-37) 

"I was a principal in the Public Schools before I developed this condition and became 
totally incapacitated I w'as confined to my room for a year and could w’alk no 
farther than from the bedroom to the bathroom w'lthout pain I experienced early 
benefit from the operation, and at present, am feeling w'ell, enjoying life and able 
to do a moderate amount of work” (Operation 7-30-37) 

“In Florida since November i, 1942, and expect to remain here until May i, when 
I expect to return to w'ork Am much better — nerves, heart action and frequency and 
seventj of spasms much improved and I expect to continue to improve” (Opera- 
tion 8-4-37) 

“In general, pain since operation is about one-quarter its previous frequency and 
severity” (Operation 8-13-37) 

“I have gamed much strength since the operation and find I do not tire nearly as 
easily as before I have no pain around the heart I have none of the old symptoms 
since the operation I feel that I have been fortunate in having the operation made 
available to me I have not yet returned to w'ork, following the advice of Doctor Beck 
at the time of operation, to the effect that I should w^ait about six months thereafter 
before attempting to w'ork This period will not be up until about May ist ” (Opera- 
tion 10-30-42) 

“I do feel improved over that of a few^ w'eeks ago I would say that, offhand, I feel 
about 75 per cent of what I felt preoperatively I expect to improve steadily though — 
and realize it takes time I walk around, drive a car and do mild recreational ex- 
ercises” (Operation 1-17-43) 

Ofhe) Investigations — O’Shaughness}" tvas the first to take up the work 
of revascularization of the heart after we had begun our studies He 
used omentum foi his giafts and brought it through an opening in the 
diaphiagm and applied it to the apical region of the ventiicles After per- 
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forming experiments upon animals he applied the procedure to patients, 
beginning in January, 1936 He claimed oiiginahty for the idea of cardio- 
omentopexy, as he called it, although Tichy and I used omentum m our 
experimental work beginning m 1932 ’Herniations developed in several 
of our experiments and we did not apply this procedure to patients 
O’Shaughnessy demonstrated one specimen, from a dog, in which barium 
was injected into the vessels of the graft and it appeared in the coronarj 
arteries This was confirmation of work that we had done He also pre- 
sented microscopic evidence of blood vessels in the grafts, but such com- 
munications have no significance lelative to the amount of blood that might 
be going across such adhesions His expeiimental evidence, by itself, can 
scarcely be regarded as convincing evidence that the operation should be 
undertaken upon patients The results with the patients were reported 
by him as beneficial 

W F Rienhoff, Jr of the Johns Hopkins Hospital, in a discussion of 
this work stated as follows “Independently, and wuthout any knowdedge 
of Doctor Beck’s experiments, or inteiest 111 this problem, w'^e began, 111 
October, 1934, investigating dififeient methods of supporting an interrupted 
coronary circulation We have used a series of old dogs for the reason 
that the independent development of a collateial cii dilation m younger 
animals is so readily achieved that lecovery fiom ligation of the right 
or left anterior descending coronary arteiy may be clinically uneventful 
and easily survued by the animal Doctor Beck did not state w'hether his 
series of dogs were young or old In a small series of nine dogs, the epicardium 
was then moistened with half strength iodine and the omentum wuapped, so 
to speak, completely around the heart, entirely covering the anterior surface 
Three to six weeks later, ligation of the entiie left coionary aitery just below' 
its origin from the aorta and above the division into the left antei lor descend- 
ing and circumflex arteries was accomplished by taking a deep bite with a No 2 
French needle in the ventricular w'all in the legion of the left coronarj' artery 
just beneath the tip of the left auricle The distension of the coronaiy veins 
distal to the ligature proved its location No disturbance in caidiac rhythm 
followed these ligations after previously performed cardio-omentopexy, either 
clinically or in the electrocardiogram The dogs were not at all ill Whereas, 
before similar ligation was invariably fatal, not one animal succumbed after 
adhesion of the omentum to the heart had been produced These specimens 
will be 1 eported on later ” 

I have the following comment to make about this discussion We have 
never found any difference in the coronary bed in dogs, w'hether the dogs 
are young or old In the normal heart the coronary arteries are essentially 
end-arteries, regardless of the age of the dog There are certain slight 
variations in intercoronary communications that are present in a group of 
specimens but these variations, slight as they are, are the same regardless 
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of age My associates and I have not found age to be a factor in mortalit) 
aftei coionaiy aitery ligation I found tinctuie of iodine to be a stiong 
necrotizing agent and too dangeious to use. Theie is no coronal y vein in 
the location of the common left coionary artery The vein is several 
millimeters below the bifurcation of this aiteiy If the aitery is ligated, 
the vein is not ligated by the same siituie, if the vein is ligated the aitery 
is missed in this siitiiie We have never been able to ligate the common 
left coronary aiteiy m one step, with lecovery, legardless of the method 
used for protection of the heait befoie this was done On the basis of 
our expel lence, I do not believe this can be accomplished in one stage It is 
difficult to accomplish complete occlusion of this artery by repeated steps 
We have accomplished this a number of times and it requires considerable 
care not to take the arteiy down abruptly in any one operation, thereby 
producing death of the animal It also requires weeks or months between 
operations for intei coi onary channels to develop so that an additional step 
m the occlusive process can be toleiated Theie is no reference m the 
Quarterly Cumulative Index Medicus to a subsequent report of these ex- 
periments by Rienhoff 

Burchell" earned out expeiiments m which giafts weie placed upon 
the heart and the coronaiy arteries ^^ele occluded A quotation from his 
vork is as follows “So far as these studies on coronar}^ occlusion m dogs 
are concerned, the role played by vascular channels m pericardial adhesions 
m supplying blood to the myocardium has been minimal or nonexistent The 
possibility that the small vascular connections, between a graft and the heart 
might develop to a functioning value cannot be denied, but in the experi- 
ments seemingly favorable to such a result it has not occurred ” In making 
this analysis of his own experimental woik, Burchell was not urged by a 
desire for independent accomplishment He was ciitical throughout, and, I 
think, he was essentially correct However, I think if he had gone farther 
with his experimental effort he, no doubt, would have demonstrated anas- 
tomoses such as are illustiated in the present communication 

Hembecker and Barton® carried out experiments in which a mixture of 
gelatin, aleuroiiat, starch, glyceim, water and lionite was introduced into the 
pericardial cavity In some experiments these authors also used sodium mor- 
rhuate After these substances were introduced the pericardium was closed 
and then the pericardium was sutured to the retrosternal tissues Fourteen 
animals were prepared in this manner Four to 12 weeks later these animals 
V ere again operated upon and the descending ramus and the circumflex ramus 
of the left coronary artery were ligated about one centimeter from the 
aorta Eight of the 14 animals died and six survived Infarcts were not 
found in these specimens 

We carried out experiments in which we tried to repeat this proceduie 
We were not able to get any animals to survive ligation of both of the>e 
arteries in one step It n ould be highly desirable if Hembecker and Barton 
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would repeat these experiments and inject the coronary arteries and clear 
the specimens These ligations are very much greater than anything that 
any of my associates or myself have been able to accomplish 

Thompson and Raisbeck^ carried out experiments m whic h talc w as 

introduced into the ^'pericai dial cavity and they applied this procedure to 
patients with coionaiy aiteiy disease These authois found that the 
mortality following coionar} aileiy occlusion was i educed by the use of 
the talc They found that ligation of the descending lamus of the left 
coronary arteiy and vein at a point one centimeter below the origin of this 
artery cairied a mortality of 50 pei cent A similai ligation was performed, 
but, in addition, talc was introduced into the peiicardial sac at and around 
the site of ligation Here the moitahty uas 25 pei cent In another group 
of experiments talc uas intioduced and two 01 thice weeks latei , a similai 
hgation of the aiteiy w^as done — theie was no moltaht^ 

We studied the ettect of talc, and lepeated those expeiimenls Wc wcic 
not able to obtain the same beneficial lesults as these authois lepoited We 
also found that pow'^deied asbestos pioduced a much moie vasculai type of 
reaction than did talc ® 

Reference should be made to the wmik on coronary vein hgation 
Ligation of corresponding vein and arteiy, as compaied to hgation of 
aitery alone, is a subject that has received much study liv surgeons These 
studies concerned the femoial aiteiy and vein and also the vessels to the 
upper extremity Gross, Blum and Silverman'*” applied the idea of vein 
hgation to the heart They ligated the coronary sums and found that tins 
procedure was beneficial, in that the amount of muscle destroyed following 
arterial occlusion w^as less in extent when aitery and vein w^ere ligated as 
compared to results when aitery alone w'as ligated These authors did not 
find that vein hgation 1 educed moitahty of arterial hgation Howevei, 
Fauteux^^ found that if he ligated the magna cordis ^eln and then ligated 
the descending ramus of the left coronary aitery that the mortality w'as very 
much less than if he ligated only the arteiy Beck and Mako^" studied 
this subject and found that m the expeiiments m wh’ch the artery w'^as 
completely occluded there w'as no definite diffeience m the size of the infarct 
wdiether the vein w^as 01 was not occluded This did not seem to be the 
case when the artery w^as only partially occluded instead of completely occluded 
In these experiments it appealed that hgation of the vein did 1 educe the size 
of the infarct as compared to the infarct followung partial occlusion of the 
artery alone Mako and I concluded that the beneficial effect following 
vein hgation w^as probably not great enough to justify application to 
patients We could not obtain the good lesults leported b) Fauteux Recently 
Fauteux leported an opeiatioii upon a patient wuth scleiosis of the descending 
lamus of the left coionarj aiterj in wfinth he ligated the magna coidis vein 
The physiology of this subject has been studied by Giegg, and his associates, 
in Wiggei ’s lalioratory ’ 
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The query might be raised as to why ceitaiii investigatoi s weie able 
to accomplish so much m the wav of coioiiaiy artery ligation I believe a 
partial ansvei can be given to thi>i queiy One explanation conceins the 
site of the ligatiiie If this vanes m difteient expeiiments the results will 
vary, because one oi two aiteiial blanches may be missed in some experi- 
ments if they come off pioximal to the hgatuie, and these blanches make a 
difference in the lesult Anothei explanation lies in the method of pro- 
ducing the ligation A sutuie placed m the legion of the aitery without 
dissection of the aiteiy may well miss the arteiy, as I think must have been 
the case with Rienhoff He used the location of the magna cordis vein, 
and the distension of this vein, to tell him whether the aitery was occluded, 
and he did not lepoit on the facts as found m postmortem examination of the 
specimens Anothei explanation, no doubt, is i elated to the natuial 
enthusiasm and desire foi accomplishment on the part of the investigator 
This may be a leal factor, especially in the early developmental period, 
after we did oui first expeiiments It is so easy to over shoot the marki 
Of course, the reader must lemember that without enthusiasm none of 
this experimental w ork w ould have been undertaken I w ould gladly welcome 
the accomplishments as set foith m some of the leports My associates 
and I have tried ovei and ovei again to impio\e the pieparation of the 
heart so that it could toleiate occlusion of the descending lamus of the left 
coronary artery and the circumflex bianch of the left coronaiy artery in 
one step If the heait could be so piepared then, indeed, we wmuld have a 
very good method foi the tieatment of coionaiy artery disease in patients 
We can accomplish something in the w'ay of aiteiial ligation but it is not 
that much No doubt the methods for preparation of the heait can and 
w'lll be impioved by fiitine expenmenlation 

SUMMARY AND CONCLUSIONS 

1 The surgical approach to the tieatment of coionaiy aiteiy sclerosis 
has been established upon a scientific basis Coronary artery disease is 
compared to epilepsy The trigger in the heart “files” or discharges and 
produces a state of incooi dinated conti actions and relaxations of the heart 
muscle fibers This is the wHl known “heart attack” and is fatal A small 
amount of blood to the zone of anoxemia can pi event the trigger fiom 
“firing” This may be legaided as a blood-bath and can be produced by 
operative methods 

2 A study group of 30 patients wuth coionary artery disease w^ere 
operated upon The patients wdio recovered fiom the operation were par- 
tially 01 completely leheved of pain Their ability to get around has been 
inci eased, some of the patients are doing haid physical work 

3 The opeiation can be consideied as a piocedure m theiapy 
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CLINICAL APPRAISAL OF THE BECK OPERATION* 

Harold Feil, M D 

Cleveland, Ohio 

FROM THE DEPARTMENT OF MEDICINE, WESTERN RESERVE UMVERSITI, 

AND THF LAKESIDE HOSPITAL, CLE\T:LAND, OHIO 

The natural history or patients ^Mth coronary sclerosis, with and 
Avithout myocardial infarction, varies gieatly, but the average life expectancy 
IS brief In Table I are compiled the average duration of life after the 
onset of symptoms as determined by seveial observers 


Table I 


Observ er 


Average Duration of Life after 
Number of Patients Onset of Symptoms (In Years) 


MacKenzie’^ (angina pectoris) 

White and Bland- (angina pectoris) _ 


(coronary thrombosis) 

Wedd and Smith ^ (angina pectoris) 
Levine^ (coronary thrombosis) 

Fed® (angina pectoris) 

(coronary thrombosis) 

Lakeside Hospital 


213 

213 patients dead 
273 patients living 
486 total 
101 patients dead 
94 patients living 
166 patients 
101 patients dead 
271 patients living 
100 patients (pnvate) 
256 patients dead 
Autopsy performed 


5 4 

4 4 

5 1 

4 9 

1 5 

2 4 

5 8 

3 4 
2 3 

4 S 

1 1 (See Fig 1 ) 


In Figure i, 256 cases of myocardial infaiction are tabulated according 
to the duration of life from the onset of symptoms These patients received 
conventional medical treatment but medical treatment is, at best, palliative 
Medical therapy does not in any way alter either the underlying pathologic 
changes in the coronal y arteries nor does it stay the progress of these changes 
The surgical approach of attempting to improve the coronary artery circula- 
tion is fundamental Knowing the grave prognosis of patients suffering 
from coronary artery sclerosis, the operation of Beck’s was a welcome 
addition to therap)^ Beck’s operation, described in previous ^papers,® 
consists, essentially, of increasing coronary circulation by producing inflam- 
mation on the surface of the heart and implanting grafts upon the heart 
Thirty-seven patients comprise the basis of this paper Two previous reports 
on some of these patients have been made ® 

Types of Pahents Selected foi the Opejation — ^The first patients who 
v^ere operated upon were for the most part suffering angina on slight 
exertion Because of the serious coronary disease and the associated patho- 
logic changes (generalized arteriosclerosis, myocardial fibrosis) the operative 
* Submitted for publication October il, 1943 
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mortality was high As the operative technic was further improved, patients 
were selected with less severe coronary disease and without complicating fac- 
tors The diagnosis of coronary artery disease was definitely established and 
other pathologic conditions simulating the symptoms of angina w^ere ruled out 
Hypertension was not alone a contraindication Diabetes, if present, w^as 
under control The age of the patient was an important factor in selection 
— the younger the patient, the more favorable the outcome, although one of 
the best results of the series (Case 20) w'as 70 years of age Pulmonaiy 



disease (severe emphysema, chronic bronchitis, bronchiectasis) was of 
course a contraindication Obesity increased the operative hazard, although 
some of the successful cases were overweight 

Postoperative Comse oj Patients Tw'enty-thiee patients (622 pei cent) 
survived the operation and have been followed Fourteen patients are still 
alive of whom nine are in excellent condition and five are m good condition, 
not completely relieved of symptoms but wFo have increased exercise 
tolerance (Table II) 
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Clh? 

Age 

1 

5{. 


5 > 

4 

S7 

6 

61 

9 

SI 

11 

49 

13 

S8 

15 

S4 

17 

S6 

18 

Set 

19 

s s 

20 

70 

21 

S7 

22 

4S 

21 

5S 

24 

47 

25 

57 

26 

56 

27 

53 

28 

55 

31 

54 

36 

59 

37 

35 


Table II — ^July ! 1943 
Sunival Period 


\ ears Months 1 n mg 

b •< -1 

2 <> 

SO -f 

fi 1 

s S 

7 4 -h 

6 

6 0 

6 7 + 

s \ 

6 7 + 

2 1 

6 3 + 

6 •> + 

6 4 + 

1 ' 

6 2 + 

i n + 

5 11 

5 10 -r 

4 

9 + 

6 + 


Dead 

Condition -tflei 
Operation 

f- 

Fxcellent'*' 

No improi emeiit 

4- 

Goodt 

Excellent 

+ 

Excellent 

» 

T 

Excellent 

Noimproiement 


Excellent 

+ 

Excellent 

Excellent 

+ 

Excellent 

Excellent 

+ 

Good 

Excellent 

Good 

Little improx’ement 

+ 

Excellent 

Excellent 

Excellent 

Good 

No iniprocement 


Excellent 

Good 


'•'Excellent Sufficient improiement to permit patient to return to his former occupation with no or minimal 
symptoms 

tGood ^n increase m exercise tolerance and diminution in s> mptoms 


SUMMAR1 OF PATII5NTS NOW LI^ ING 

Case I — Arteriosclerotic lieait disease and angina pcctoiis ot nine yeais’ duration, 
severe for five years, moderate geneiahzed artcnoscleiosis with hypei tension , aiterial 
pressure 169/92 Moderate chionic pulmonaij emphysema A 48-year-old farmer, 
with gradually diminishing exercise tolerance, finallj became incapacitated for an} 
work because of retrosternal pain, fatigue and d}spnea Operation was pei formed 
February 13, 1935 Four months latei he began to do light w'oik around the hospital 
as a gardener and made 82 tups on the steps without pain, stopping because of dyspnea 
It IS now' eight xeais and five months since the operation and he is able to w'ork 12 
hours daily as a farmer He feels no more than the usual fatigue at the end of the dav 
The lesult in this, the first patient to ha\e the operation, is excellent 

Case 4 — Arteriosclerotic heait disease, coronary sclerosis and angina pectoris of 
four and one-half years’ duration , generalized arteriosclerosis and diabetes mellitus A 
surgeon, age 50, W'lth angina of effort and emotion, was totall} incapacitated m December, 
1932 Subtotal th} roidectomy was perfoimed in January, 1933 He had a coronarx 
thrombosis in February, 1933 The patient had had diabetes melhtus since 1918, requiring 
insulin He had had pain in the legs foi thiee yeais on w'alking A roentgenogram 
of the legs show'ed calcification of the vessels The electrocai diogram show'ed a deep Qs 
Operation w’as performed July 9, 1935 The exercise tolerance increased from 18 trips 
before operation to 32 trips after operation The patient has less pain on exertion and 
exposure to emotional stress The results in this case are classified as good 

Case II — Arteriosclerotic heart disease and angina pectoris for ii months, piobabl} 
coronary' thrombosis at onset of illness A tailor, age 42, had angina of effort and 
emotion He became totalh incapacitated Rest and drugs failed to do more than gne 
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relief Angina was produced by 24 trips on the steps After glyceryl trinitrate he was 
able to make 42 trips before angina occurred The limb-lead electrocardiogram was 
normal but the T wave in Lead 4R was negative Operation was performed February 
22, 1936 The patient is now able to work He can tolerate 97 trips on the steps 
and stops because of dyspnea and not because of pain The result in this case is excellent 

Case 17 — Artenoscleiotic heart disease and angina pectoris, myxedema and sec- 
ondary anemia A machinist, age 50, had had a typical history of angina of effort for 
18 months The basal metabolic rate was —30 and the patient took small doses of 
thyroid The electrocardiogram revealed left axis deviation and QRS of normal 
voltage, the T wave was almost iso-electnc in all leads, including the chest lead 
Operation was performed November 18, 1936 Congestive heart failure developed after 
operation and cleared up with appropriate treatment Tolerance for exercise increased 
from 36 trips on the stairs before operation to 50 trips after operation The dose of 
thyroid extract has been inci eased to 54 gram He does not take any nitroglycerin 
He is working at his job as machinist It is now six jears and seven months since 
the operation was done The result is excellent 

Case 19 — Arteiiosclerotic heart disease and angina pectoris of 17 months’ duration 
A coal miner, age 49, was totally incapacitated during the entire course of his illness 
He had severe pain at rest and morphine was given for the pain Theophylline with 
ethylendiamine and glyceryl trinitrate gave no lelicf The electrocardiagram showed 
alterations indicative of a remote posterior and basal infarct Operation nas performed 
December 3, 1936 Marked improvement followed operation He is able to do much 
work on his farm It is now six years and seven months sinced the operation and the 
result IS excellent 

Case 21 — Arteriosclerotic heart disease and angina pectoris of five years’ duration, 
mild diabetes mellitus A clerk, aged 51, faded to benefit from medical treatment, para- 
vertebral injection with alcohol failed to give relief and he became totally incapacitated 
for work The left ventricle was slightly enlaiged The peripheral arteries were cal- 
cified The electrocardiogram was normal at rest but aftei exeicise showed definite 
alterations from normal Operation was performed January 20, 1937 The patient was 
much improved following operation The pain did not completely disappear but became 
less severe He returned to work but was forced to retire because of parkinsonism 

Case 22 — Arteriosclerotic heait disease and angina pectoris, thromboangiitis A 
cook, age 42, had angina of effort and emotion for five and one-half years and was 
incapacitated for his work for two years He took morphine for the pain The left 
foot was cool, and the arterial pulse was not palpable in the left leg The electro- 
cardiogram showed no significant changes before or after exercise Operation was 
performed January^ 3 Uj I93d He had several angina attacks in the early^ postoperative 
period Later he showed striking impioiement He is at work as a chef and does not 
lequire medication The result is excellent 

Case 23 — Arteriosclerotic heait disease and angina pectoris of six months’ duration 
A molder, age 49, had a typical history of angina of effort for six months and had to 
give up work for four months befoie admission Medical care with a long rest in bed 
did not increase his tolerance for exercise The anginal syndrome was produced by 
53 trips, and after gly'-ceryl ti initrate he was able to make 90 ti ips Electrocardiographic 
changes were present during the induced angina The circulation time was 20 seconds. 
Operation was performed March 6, 1937 The patient states that he has felt better 
since the operation and he is able to make 52 tups on the steps, stopping because of 
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moderate dyspnea He works in his garden and does much physical work about the 
house without symptoms We regard his results as good 

Case 25 — Arteriosclerotic heart disease and angina pectoris of nine years’ duration 
A retired salesman, age 52, had some attacks which were sufficiently severe to have been 
caused by coronary thrombosis The con\entional electrocardiogram was normal, but 
the T wave m the chest lead was reversed in direction The record taken during the 
induced anginal a'ttacks after exercise showed changes suggsting a posterior and basal 
infarct Operation was performed April 24, 1937 The patient states that there is 
definite improvement and that he is able to carry on his work, without symptoms The 
result in this case is excellent 

Case 26 —Arteriosclerotic heart disease and angina pectoris for one and one- 
half years , an attack of myocardial infarction one j^ear before operation A female school 
principal, age 50, had severe angina of effort and of emotion which totally incapacitated 
her She was able to make but three two-step trips, stopping because of typical 
angina Operation was performed July 30, 1937 Her convalescence was slow, but 
on October ii, 1937, she was able to make 12 trips, and on November 29, 1937. this 
was increased to 20 trips In the intervening period, the patient has been able to 
walk a few blocks without pain The result in this case is excellent 

Case 27 — Arteriosclerotic heart disease and angina pectoris following an attack 
of coronary thrombosis two years previously A factory superintendent, age 48, had 
angina of effort which caused him much distress He was operated upon August 4, 1937, 
and his convalescence w'as uneventful He left the hospital in 37 days He was able 
to return to his job, w'orking five to eight hours a day The result is excellent 

Case 28 — Arteriosclerotic heart disease and angina pectoris of six years’ duration 
A salesman, age 50, w^as unable to carry on with his work, and he w'as operated upon 
August 13, 1937) making an uneventful convalescence He gradually improved and 
finally w'as able to do moderate exercise without pain He has showm definite improve- 
ment We regard the result in this case as good 

Case 36 — Arteriosclerotic heart disease wnth angina pectoris A male, age 39, 
a railroad dispatcher, had typical angina of effort for nine months He was put to 
bed for four months but continued to have symptoms on effort Blood pressure 106/74 
The electrocardiogram show'ed right bundle branch block and an absence of a positive 
deflection m all “V” chest leads, 1-5 There w'as positive deflection m Ve T was 
inverted in V3, 4, i The record suggested old anterior and apical infarction as well 
as septal infarction He is now able to w'alk several miles at a brisk rate without 
sjmptoms He has returned to work His electrocardiogram is unchanged It is 
now nine months since the operation and the result is excellent 

Case 37 — Arteriosclerotic heart disease with angina pectoris, rheumatic heart 
disease, mitral valvulitis wuth insufficiency A male, age 35, physician, had angina of 
effort and of emotion for twm and one-half years This pain followed an episode 
diagnosed as coronary thrombosis although there was no electrocardiographic evidence 
The heart w'as normal in size, but there w'as a moderately loud systolic murmur at the 
apex This murmur had been detected for many years Blood pressure 132/94 The 
chest lead in the electrocardiogram show'ed inversion of T after exercise He was 
operated upon January 17, 1943, and made an uneventful convalescence He has returned 
to his practice It is now' six months since the operation and he has less pain He feels 
that the operation has given him definite improvement The result is classified as good 
although the time has been too short to make a definite appraisal 
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PATIENTS WHO WERE OPERATED UPON AND HAVE SINCE DIED 

Case 3 — ^An executive who after operation showed some mipro; ement but con- 
tinued to have pain 

Case 6 — A mechanic with severe generalized arteriosclerosis He was much im- 
proved after operation and was able to work He had some recurrence of his angina 
but lived SIX years and one month after operation " 

Case 9 — ^A painter who lived five years and eight months after operation He was 
greatly improved and was able to return to w'ork, w'orking up to the time of his death 

Case 13 — A bookkeeper who had left \entricular failure previous to operation He 
did not improve and died six months later of coronarv failure 

Case 15 — A manager of a store who was \er\ greath improved by operation He 
continued to ha\e some angina of eftort He continued to work and died six years later 

Case 18 — A cook who w'as greatit improved and returned to Ins work He died 
five years and one month after opeiatioii of acute coionarj insufficiencj 

Case 20 — A book agent, the oldest of the senes, impioved after operation sufficientlv 
to return to his work He died two v'ears and six months after operation of cerebral 
hemorrhage 

Case 24 — A tailor, who, after operation, continued to have angina and showed 
little improvement He died one year and three months after operation of coronarv 
thrombosis 

Case 31 — This patient showed no improvement after operation, and died four 
months later of acute coronary insufficiencv 

Opoahve Moitahty — There weie 14 operativ'e deaths, 01 378 per cent 


(Table III) 

Case 

Age 

Table III 

Days Liv ed 

Cause of Death 

2 

53 

6 

Thrombosis of abdominal aorta 

S 

58 

2 

Mediastimtis {Cl welchii infection) 

7 

57 

4 

Cerebral hemorrhage, bronchopneumonia 

8 

53 

I 

Coronary thrombosis 

10 

56 

2 

Coronary' insufficiency acute 

12 

54 

9 

Bronchopneumonia 

14 

53 

5 

Bronchopneumonia 

16 

57 

I 

Coronary insufficiency acute 

29 

50 

2 

Bronchopneumonia 

30 

54 

0 

Coronary insufficiency acute 

32 

58 

0 

Coronary insuffiaency acute 

33 

44 

12 

Coronary insufficiency acute 

34 

56 

2 

Bronchopneumonia 

35 

64 

2 

Coronary insufficiency acufe 


CASE tVITH SEVERE CORONARY ARTERY DISEASE AND RECENT AND REiVtOTE 

MYOCARDIAL INFARCTION 

Case 33 — Male, age 44, had angina of effort for ten >ears His pain had increased 
greatly during the six months before operation One and one-half hours after operation 
he had an attack of severe retrosternal pain, with dyspnea He was given morphine and 
papaverine intravenously and atropine sulfate hypodermically His symptoms graduallj 
subsided in 24 hours His convalescence was satisfactory until the seventh postoperative 
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da}, when he had severe inspiratory pam m the right chest Later a pleural friction 
was heard Thirty-six hours later another episode of pulmonary infarction occurred 
On the tenth, eleventh and twelfth postoperative days he had severe retrosternal pain, 
dying on the twelfth postoperative day The hmb electrocardiograms showed elevation 
of R-T in all leads No chest leads were taken after operation The electrocardiogram 
taken a few hours before death showed typical changes of an acute cor pulmonale 

Autopsy ^The postmortem examination revealed subintermural hemorrhage in the 

wall of the mam left coronary artery and recent thrombosis of the ramus descendans left 
There was recent infarction of the entire I-V septum Remote thrombosis of the right 
coronary artery was found with remote infarction of the midlateral portion of the left 
ventricle There were mural thrombi in the right auricle and m the apex of the left 
ventricle Thrombi were also found in the branch of the right pulmonary artery to the 
right lower lobe There was a recent infarct of the left kidney 

This patient illustrates the difficulties involved as the result of wide- 
spread coronar}'' arter}^ disease and the additional complications of pulmonary 
infarction and myocardial infarction following operation 

Postmortem Studies Nine patients dying, but who survived the opera- 
tion from four months to six years (Table IV) , came to autopsy In all 
instances severe coronaiy disease was found 


Case 

3 

6 

9 

13 

IS 

18 

20 

24 

31 


Table IV 
Sunival Period 


Age 

Years 

Months 

Cause of Death 

53 

2 

6 

Coronary msufficiencv 

61 

6 

1 

M>ocardial failure 

51 

5 

8 

Acute myocardial infarction 

58 


6 

Myocardial failure 

54 

6 

0 

Coronary insufficiency 

53 

5 

1 

Coronary insufficiency 

70 

2 

3 

Cerebral hemorrhage 

47 

1 

3 

Acute myocardial infarction 

54 


4 

Coronary insufficiency 


Discussion The prognosis in cases of coronary artery disease varies 
greatly but, on tlie aveiage, it is graie and the life expectanc}^ is relatively 
shoit The suigical means of pioducing an augmented coionaiy cii dilation 
is the fiist attempt to lelieve patients of symptoms and to increase length 
0 life As has been stated by Beck, there must be sufficient good myocardium 
to maintain life or the improved coronary artery circulation will be ineffectual 
lerefore, the candidates for the operation should be carefully selected, both 

as to extent and degree of coronary artery sclerosis and as to associated 
pathologic conditions 

ma} be suggested that most of the cases with severe coronary artery 
isease did not sunuve the operation, and that those surviving did not 
improie From postmortem examination of the patients %vho suriived but 
n 10 died subsequently, severe and widespread coionaiy aiteiy disease 
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was demonstrated (Table IV) Cases 6, 9, 15, 18, 20, weie greatly improved 
and were able to leturn to then accustomed jobs 

In the 37 cases here leported the lesults of the opeiative survivals — both 
the patients wdio have since died and those who aie still living — have been 
favoiable in a large percentage of the cases The favorable effect of the 
long bed lest following opeiation may have played a part in the immediate 
result The total duration of life from the onset of symptoms and from 
the operation is found in Table V The operative moitality in the first 17 
cases was 47 per cent, in the second 17 cases it w-'as 35 3 per cent Patients 
should be selected for opeiation earlier in the course of the disease The 
mortality should be low' in this type of case 


Table V 


Patients 

Number 

Per Cent 

Average Duration of Life 
from Onset of Symptoms 

Av erage Duration of 
Life Following Operation 

Still living 

14 

37 8 

9 0 years 

6 9 y ears 

Lived 4 months to 6 > ears 

9 

24 4 

8 9 years 

3 9 years 

Dying postoperatively 

14 

37 8 

4 1 years 



SUMMARY 

1 Thirty-seven patients w'llh coronary artery sclerosis and angina 
pectoris were operated upon by the Beck technic of providing additional 
blood supply 

2 There w'cre 14 postopeiative deaths (378 per cent) 

3 Nine patients wdio survived the operation, but died from foui months 
to SIX years later, w'eie studied after death The results in these patients 
were. Excellent — 5, little or no improvement —4 

4 Of the 23 patients wdio siuvived the opeiation, 14 aie still living 
-Of these nine are definitely improved and five show' an increase in exercise 
tolerance and diminution in symptoms 

5 Of the 23 patients who survived the operation, the results w'ere as 
follow's Excellent — 14, 01 609 per cent, good — 5, or 21 7 per cent, little or 
no improvement — 4, or 174 pei cent 

6 The operation has given great relief to the 14 suivivals Five of the 
patients who subsequently died w'ere greatly benefited 
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TOTAL GASTRECTOMY BY THE TRANSTHORACIC APPROACH 


REPORT OF SEVEN CASES 

Richard H Sv eet, M D 

Bostox, Mass 

TROM alic SURGICAL SERMCES MASSACHUSETTS GENFRAL HOSPITAL BOSTON MASS 

The lECHMCAL ADVANTAGES of the tiansthoracic approach in cases of 
carcinoma of the stomach or lonei esophagus invading the caidia are now 
n ell established Theie leinams, howevei , the necessit} for greatei experience 
with the opeiation before some of the paiticular details of the technic can 
be bi ought moie neaily to a state ot perfection The operation of partial 
gastiectomy, lemoving the fundus of the stomach, the cardia, and a portion 
of the low'er esophagus, is now being carried out with satisfactory results 
in several dimes Experiences w ith the total excision of the stomach through 
the transthoiacic loute on the othei hand have been few^ in number and 
most disappointing m their lesults The operatne mortalit} has been pro- 
hibitive The difficult}' in the few repoi ted cases seems to har e been w ith 
leakage from the sutuie line of the esophagojejunal anastomosis^ This 
has doubtless been the result of the almost unavoidabh gieat tension on 
the sutuie line caused bv pulling the jejunum up to such a high level 

The phjsical variation m patients accounts foi the fact that in a few 
the pioximal jejunal loop can be bi ought up to a level an inch oi moie aboie 
the diaphiagm without excessive tension, wheieas m the majoiity the mes- 
enter) of this loop is too shoit In two of the seren cases lepoitcd in 
this aiticle it w'as possible to pull the upper jejunal loop high enough to 
perform an anastomosis slightly above the level of the diaphragm w'lthout 
an intolerable degiee of tension In the othei five cases, although the loop 
could be brought to the le\el of the diaphragm in three of them, the 
lei el of invasion of the lowei thoiacic esophagus was so high that m 
order to cut well above the upper limit of the tumoi it was neccbsai} 
to transect at a level which was two to three inches aboie the highest 
point to which the jejunum could be diawn even undei tension It was 
the necessity for overcoming this difficult} which led to the development of 
the technic which is to be suggested heie 

In 1942, the first report of a successful total gastiectomy using the 
transthoracic approach w'as made by Willy Meyer ^ In this case there 
was great tension on the sutuie line and, as a lesult, a jejuna! fistula 
developed w'hich discharged thiough the chest diainage tube This fistula 
eventuall} closed spontaneously, and the patient lecoveied Although the 
lei'el at which the esophagus w'as cut acioss is not stated exact!}, one 
might assume fiom the desciiption that the anastomosis was not unusuall} 
high aboie the diaphiagm This was tiue of the fiist successful case in 
the Massachusetts Geneial Hospital senes In thiee of the others, however, 
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the vessels of the divided jejunal mesentery, and, secondly, the fact that 
an end-to-end anastomosis using the esophagus presents technical difficulties 
which are likely to corapiomise the result The difficulty may be overcome 
as follows 

The usual transthoracic appioach through the bed of the ninth nb 
is made After removal of the entire stomach and closure of the duodenal 
stump, an opening should be made in the transverse mesocolon at a 



Fig 2 — Provimal loop of jejunum drauui up through the transierse mesocolon The pull 
of the mesenteric lessels makes it impossible to extend the apex of the loop much abo\e the 
leiel of the diaphragm Anastomosis with the esophagus not possible without release of the 
pull of the mesenteric \essels Point of diMsion ot these \esseis shown bj hemostatic forceps 
in the drawing 
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convenient point, taking care to avoid the middle colic vessels ( ig i) 
Tte Ingh St jejunal loop .s then dratvn up through the mesocolon and m 
te .Xty 0 cases can be pulled no further than one or two centnnet r 
ITL level of the diaphragm (F.g a) In every case the reason for 



Fig 3 — Mirked release of tension after division of the mesenteric \essels makes it pos 
sible to bring the proMmal loop of jejunum high above the diaphragm into the chest, and the 
esoplngojejunostomv is performed without tension on its suture line 

tins IS that the vessels of the mesenter)f are too shoit to allow the loop 
to go bejond that point although the bowel itself, if freed from the pull of 
the mesenteric structures, can be drawn up to any level In some cases a 
slight amount of relaxation of the pull results fiom dividing the ligament 
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ot Treitz This is larely sufficient to make an appreciable difference 
If, howevei, the mam arteiy which supplies the proximal jejunal loop is 
sought out and cut between ties close to its origin from the superior 
mesenteric arterj, and if the vein is lieated likewise, the pull of the 
mesenteiy on the loop is greatly relaxed and its apex can be advanced 
as much as three inches into the chest above the level of the diaphragm 
(Figs 2 and 3) Great care must be exeited to avoid damage to the 



collateral vascular arches dining the division ot the piimaiy vessels and to 
avoid tearing or overstretching them as the loop is pulled up after division 
When the pull of the mesentery on the proximal jejunal loop has been 
relaxed by this means, the anastomosis can then be carried out without danger 
of Its pulling apart later because of too much tension 

The exact technical details of the anastomosis may be varied to suit the 
indications of the individual case and the personal pieference of the 
surgeon I have used the Roscoe Giaham method with great satisfac- 
tion'* By this means a desirable extia leinfoicement of the sutuie line is 
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easily obtained (Fig 4) It no difference whethei the pioximal 

(afferent) arm of the loop is used to wrap aiound the line of anastomosis 
01 the distal (efferent) aim, providing an entei o-entei ostomy is earned 
out between the two arms of the loop, as Graham lecommends It is 
important that the loop of jejunum be bi ought up m such a w'ay that 
the afferent arm shall be short enough so as not to sag down below' the 
level of the entero-enterostoniy In this wa) puddling of food m the 
proximal arm and m the duodenum can be avoided It is not necessarj 
to suture the divided jejunal mesenterj or the opening m the tiansverse 
mesocolon 

After the anastomoses are completed the jejunal loop must be anchored 
bi means of sutures to the mediastinal pleuia and to the cut edges of 
the diaphiagm as they are bi ought aiound it The remainder of the 
diaphragm is then closed with mteirupted silk sutuies and motion is 
minimized by cuishing the left phienic neive wothm the thoiax by means 
of a hemostatic forcep 

The above method of relaxation of the jejunal mesenteiy follow'ed by 
an anastomosis using the Roscoe Giaham method was employed wuth com- 
plete satisfaction in three of the seven cases repoited Without it, in these 
cases, no anastomosis could have been carried out excepting possibly a 
modification of the Roux procedure 

The opeiation of total gastiectomy folio w'ed by an esophagojejunal 
anastomosis has been perfoimed seven times at the Massachusetts General 
Hospital In all, the choice of the tiansthoiacic appioach lesulted from 
the fact that the tumoi w'as close to, oi had actually invaded, the cardia and 
m some of the cases the low'er esophagus as well The decision to remove 
the entire stomach w'as made on the basis of the wudespread involvement 
of the organ Two patients died postoperatively, both of sepsis In the 
first of these the death may be said to have resulted from a technical 
error because the suture line w'as found at aiitops}' examination to have 
separated in part If the piocediiie of dividing the vessels at the base 
of the proximal jejunal loop so as to relax the tension on the suture line 
had been follow'ed m this case, there is reason to believe that the fatal 
result could have been avoided The wudespread infection which was the 
cause of the death of the second patient could hardly have been avoided 
m the present state of our knowdedge This patient w'as in a seriously 
debilitated condition resulting from obstruction at the cardia by a recurrent 
caicinoina of the stomach following a partial gastrectomy with a posterior 
Poha anastomosis In this case there was more opportunity for soiling 
to occur than in the average because of the necessity of undoing the pi evious 
anastomosis At autopsy there w'as peritonitis and empyema-, but the 
esophagojejunal anastomotic sutuie line was intact 

Each of the remaining five patients recovered piomptly without majoi 
complications In the first two of these theie was no difficulty in pulling 
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the proximal jejunum up to the level of division of the esophagus, which 
was not high In the last three cases it was necessary to divide the 
esophagus at a relatively high level In each of these cases it was impossible 
to bring the eophagus and jejunum together before the jejunal meSentenc 
vessels had been divided In the last case the proximal loop could not be 
used at all because of extensive adhesions resulting from a former widespread 
acute peritonitis In this instance it was necessary to use the next lower 
jejunal loop, and by dividing the vessels at the base of its mesentery it 
was possible to pull it well up above the level of the diaphragm into 
the thorax 


REPORT OF SEVEN CASES 

'Case I — At G H No 294086 At O , female, age 55, entered the Alassa- 
chusetts General Hospital A-Iarch 21, 1941 She had had vomiting and weakness 
for the past year, and gradually increasing difficulty in swallowing In the attempt 
to relieve her various forms of treatment had been carried out, including chole- 
cystectomy three months prior to admission 

Examination showed a pale, ill-nounshed woman Her blood chemistry was 
essentially normal, and her Hinton negative Roentgenologic examination showed a 
carcinoma of the lower third of the esophagus extending to the mid-portion of the 
body of the stomach There were no visible metastases in the chest Esophagoscopy 
showed no positive evidence of neoplasm and biopsv was unsatisfactory Three centi- 
meters above the cardia the mucosa looked red, and there were white plaques 

Operation — April 2, 1941 A transthoracic total gastrectomy with esophago- 
jej unostomy, splenectomy, and partial pancreatectomy was performed Under intra- 
tracheal gas-oxygen-ether anesthesia, the patient was placed on her side and an 
incision made along the entire length of the tenth rib on the left, which was exposed 
and resected subperiosteally This rib was chosen because it was partly floating and 
probably, therefoie, not the lower fixed point of the thoracic cage The left lung was 
found free, was retracted upward, and the esophageal hiatus exposed The phrenic 
nerve was paralyzed by crushing it as it crossed the pericardium, and the diaphragm 
was then opened in the direction of its fibers from the esophageal hiatus laterall}'’ This 
exposed the spleen and stomach Exploration revealed no evidence of liver metastases 
The pelvis was free Within the fundus of the stomach there was a large, hard tumor 
mass which extended into the lower inch of the esophagus There were numerous 
firm nodes along the left gastric vessels The esophagus was freed-up above the 
tumor and a tape passed around it The vasa brevia were clamped, cut, and ligated 
and the lesser omental bursa thus exposed and explored The growth seemed resectable 
and dissection was, therefore, begun along the lateral aspect of the stomach The 
peritoneum was reflected medially and numerous nodes were found near the splenic 
pedicle The omentum was now opened along the greater curvature and a generous 
segment of it excised Dissection was carried towards the pylorus which was finally 
freed on both sides and then cut across between Kocher clamps just on the duodenal side 
The stomach was reflected medially, separating the attachments of the gastrohepatic 
ligament, until it was entirely mobilized down to the left gastric pedicle It then 
seemed wiser to undertake a block resection of the tip of the pancreas, spleen, and 
left gastric pedicle, and this was carried out without difficulty, thus freeing the 
entire stomach to the esophagus The esophagus was transected above the growth 
The duodenal stump was inverted with a running atraumatic suture reinforced with 
interrupted silk, and the jejunum identified at the ligament of Treitz and a loop brought 
up through a rent in the transverse mesocolon This was barely long enough to 

822 



^olumc 118 transthoracic gastrectomy 

]NumUer 5 

reach the cut end of the esophagus A little more length was secured by partially 
cutting the ligament of Treitz A careful esophagojejunal anastomosis was performed, 
using many interrupted silk sutures in two layers, one mucosal and one muscular, with 
numerous sutures posteriorly to suspend the jejunum to the crura of the diaphragm 
There was edema of the medial side of the esophagus through which the stitches 
tore, and this portion of the anastomosis was not completely satisfactory for this 
reason An entero-enterostomy was performed between the H\o layers of jejunum 
and brought to he just below the opening in the transverse mesocolon, which was 
loosely closed around them A leaf of omentum was brought up to cover the jejunum 
and the region of the anastomosis, and the diaphragm reapproxtmated in two layers 
around it A catheter, for drainage of the chest, was brought in through the next 
lower interspace posteriorly, and the chest wound closed in layers 

Pathologic examination show'ed the specimen to contain carcinoma of the stomach, 
with extension to the pancreas and esophagus, and metastases to the regional lymph nodes 

The patient had a severe febrile reaction following the operation Her chest was 
aspirated on several occasions, and blood}’-, foul-smelling fluid obtained There 
was drainage from her chest tube, at first thick and small in amount, then thin and 
copious, resembling the large return from her nasal tube Roentgenograms showed 
a combination of fluid and atelectasis on the left side She was treated by means 
of sodium sulfapjndine and transfusions, but continued to go dowmhill and died, 
nine days after operation At autopsy, she w’as found to have empyema and peri- 
carditis resulting from almost complete separation of the anastomotic suture line 

'Case 2 — M G H No 132669 G W, male, age 46, entered the Massachusetts 
General Hospital September 17, 1941 Three years before entry he had had a 
subtotal gastrectomy for w’hat had been thought to be gastric ulcer, but pathologic 
examination of the specimen proved it to be carcinoma For the past five months 
he had had increasing djsphagia wnth marked loss of weight Gastro-intestinal senes 
five days before admission showed no evidence of obstruction or metastasis in the 
esophagus, stomach, or in the anastomosis Twenty-four hours prior to admission he 
had developed generalized periumbilical and lower abdominal pam, with nausea 
but no vomiting The pain localized in the right lower quadrant and he was sent 
to the hospital 

Examination showed the patient to be a thin but w’ell-developed man, with 
several small hard nodes in the left supraclavicular fossa The chest and heart were 
negative There was the sensation of a mass, in the right upper quadrant, and a 
question of spasm There was slight spasm but no mass m the right lower quadrant, 
with localized tenderness about McBurney’s point Rectal examination showed fairly 
acute tenderness and fullness on the right 

A diagnosis of acute appendicitis was made, and the patient was operated upon 

perforated appendix was found His convalescence was uneventful except for 
cxtensiv’e infection of the wound 


showed 3 45 red cells, 12,600 white cells, and a 
hemoglobin of 70 per cent on admission 

^PP^"dicectomy roentgenologic examination of the esophagus 

flip h interpreted as either cardiospasm or extrinsic pressure just above 

the csonhatr, ^ roentgenograms revealed a mass involving the lower end of 

greater nortinn^^ medial aspect of the fundus of the stomach, vvnth the 

mternretcd 1 ^PP^rently outside the mucosa These findings were 

interpreted as being due to recurrent carcinoma 

l)rowm!lf’T;,Tr October 6, 1941 There was a small amount of 

mucosa thro l” ™^tenal m the lumen which was readily sponged away The 
giout the esophagus showed slightly enlarged rugae and seemed a little 
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redder than normal, but hardl}' enough to make a diagnosis of esophagitis Bougies 
sizes No 12 to 22 passed readily through the cardia into the stomach Examination 
was essentially negative, and it was felt that if the symptoms persisted, it might be 
wise to use the mercury bougie 

Fust Opeiation — It was decided that exploratory celiotomy was indicated, and 
this was undertaken October i8, 1941 A vertical left lectus incision was made, and 
through this the abdomen was explored There was found to be apparently a mass 
of malignant disease in the lymph nodes around the left gastric vessels It seemed 
to be loosely attached to the posterior tissues The portion of the stomach which 
was left after the gastric resection was wrapped over the tumor, which had pushed 
from the medial side into the region of the cardia, w-here it produced a crescentic 
slit-like opening into which it was impossible to push the finger through the anteiioi 
stomach wall The region of the gastrojejunostomy appeared to be perfectlj smooth 
and there was no e\idence of disease anjw'here except as described The liver seemed 
to be free from metastases A jejunostomj was performed, taking care to leave a long 
pioximal loop in case an excision should be undertaken through the lower part 
of the chest The patient’s couise following exploration and jejunostom} was uneventful 
He w'as comfortable and gained strength rapidlj 

Second Opcialtoii — November 4, 1941 A transthoracic total gastrectomy and 
splenectomy were performed A long oblique incision was made over the 0th rib on the 
left side The entire length of the 9th 11b w'as resected The chest was opened 
There were no adhesions, no fluid, and no evidence of pulmonary metastases The 
diaphragm was then incised and the tumor was explored It was essentially the 
same as previously noted, but it was soon discovered that the adhesions posteriorly 
were very dense After considerable dissection it was finally decided that it 

could be removed The operatioh was then proceeded with and, in order to get 

good access to the posterior attachment, the esophagus was divided early in the 
procedure The stomach was then turned down and much of the posterior attachment 
111 the region of the left gastiic vessels was freed The left gastric vessels were freed 
and the transverse mesocolon removed from its attachment to the stomach The 
anastomosis was opened by cutting along the suture line and the cut end of the stomach 
inverted to prevent gross soiling during the manipulation of delivering the mass 
The opening in the jejunum was sutured transversely with two lavers of chromic 
'catgut reinforced with several silk sutures The tumor mass along with the entire 
remains of the stomach was then removed by cutting posteriorly, and in doing this 
a section of the pancreas had to be removed along with a portion of the splenic arterj 
The vessels were tied and the spleen was then quicklj removed because of its lack of 
blood supply At this point, considerable bleeding was noticed and the stump of the 
splenic artery w'as immediately exposed and found to be bleeding because the tie 

had come off It was quickly secured and carefully tied with a heavy silk ligature An 

end-to-side anastomosis was then performed between the apex of the jejunal loop 
above the jej unostomy and the cut end of the esophagus The incision in the jejunum 
was placed transverselj acioss the length of the bowel and the loop was wrapped 
around the lower end of the esophagus, after the Roscoe Graham method An entero- 
enterostomy was established between the two arms of the jejunal loop Some omentum 
was brought up and the loop was held up by attaching the leaves of the pulmonary liga- 
ment to It The diaphragm was then closed, but caie was taken to avoid constriction 
It was sutured in several places to the two arms of the jejunal loop The phienic nerve 
was crushed, and the chest closed without drainage Eight Gm of sulfanilamide were 
distributed in the upper abdomen and lower part of the left hemithorax 

Pathologic examination of the specimen removed was reported as adenocarcinoma 
of the stomach, recurrent m the wall of the lower esophagus 
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Postopeiahvc Following resection, the patient made an excellent immediate 

recovery, but on the third day an aspiration of the left side of his chest yielded 700 cc 
of serosangumeous fluid A culture of this showed abundant growth of B coh and 
nonhemolytic streptocci On the fiftli postoperative day it was apparent that he had 
fluid at his right base and there was also evidence of pneumonia in the right lung 
He did not develop much elevation of temper^ure, but it was apparent that he was 
losing ground Two days after this he suddenly became d5^spneic Seven hundred 
cubic centimeters of purulent fluid were removed from the left side of his chest He was 
placed immediately in an oxj'gen tent, but died suddenly the same afternoon Autopsy 
revealed that there was pus in the upper part of his abdomen, in the left side of his 
chest, and also an empyema on the right side with evidence of bronchopneumonia m 
both lungs The suture line was intact and there was no evidence of any leakage 


The presumption is tliat this patient, alieady depleted by long-standing 
starvation and the presence of a large carcinoma, did not have sufficient 
lesistance to withstand the infection which resulted from the soiling of the 
field at the time of operation 


Case 3 — M G H No 361509 M K, male, age 56, was admitted to the Massa- 
chusetts General Hospital, June 27, 1942, complaining of anorexia and abdominal pain 
Three years before admission he had had a strangulated right inguinal hernia repaired 
The hernia recurred one month later, aiid at that time he began to have symptoms of 
low-grade intestinal obstruction with cramps, “gas pains,” rare vomiting, and occasional 
diarrhea Two years before admissioi\ he had been operated upon after roentgenologic 
examination of the gastro-intestmal tract showed a mass in the large intestine 
The abdomen was explored, and a large, apparently inoperable carcinoma of the 
stomach, located on the lesser curvature and extending almost to the esophagus, had 
been found This involved the entire lesser curvature, according to the surgeon, and 
had metastasized to the aortic nodes, the sigmoid, and the bladder region The 
piognosis was considered hopeless and no further operative procedure was attempted 
He remained in the hospital for seven months following the exploratory celiotomy, 
and at discharge weighed 120 pounds Since that time he had remained in much the 
same condition, with poor appetite, constipation, gas and borborj^gmus His diet 
consisted of milk and eggs He complained of kmfe-like periumbilical pain coming 
on usually 15 minutes after eating and persisting for hours or days On the other 
hand, he had gone as long as a week without distress He had gained about 30 
pounds in the past year and a half, but was too weak to do anything but very light 
work He had had no vomiting, no nausea, and had never noticed blood m the stools 
He was almost always conscious, however, of gas and intestinal rumbling He remained 
obstinately constipated and lequned large doses of mineral oil He had noticed 
recently that his ankles were swelling after he had been up foi some hours He had 
no urinary symptoms other than nocturia 


Because of the persistence of his symptoms the patient repoited to the Massachusetts 
jeneral Hospital Out-patient Clinic A gastro-intestmal series was advised, and 
when fluoroscopy reiealed dilated loops of small bowel he w'as admitted to the 
hospital at once and a Miller -Abbott tube passed 

Plnsical examination re\ealed a well-developed, poorly nourished, apathetic, 
middle-aged male The heart was normal Blood pressure 105/60 The chest was 
negatne The abdomen was flat Peristalsis was active The liver and spleen 
wore not felt Rectal examination w'as negative 

Roentgenologic examination befoie admission sliowed inaikedh dilated loops of 
Milan intestine Fhioioscopic cxammation of the abdomen fmn hours aftei the motor 


825 



RICH'KRD II SWELf 


\nnals of bur^erj 
November 19 4 


meal had been gnen showed the dilated loops to be probablj mid- and lower-jejunum 
The obstruction could not be outlined because of insufficient filling of the loop, which 
was dilated and contained a considerable amount of fluid in addition to the small 
amount of barium It w'as tliought that the obstruction w'as near the pelvic brim, 
and the patient was slightl}’ tender in this area on palpation A barium enema showed 
inadequate filling of the midsigmoid but gave no other definite information 

Laboratorj’^ studies show'ed the patient to have a h3pochromic anemia, wuth a red 
blood cell count of 3 32 , w'hite count of 1 1 600 , and photohemoglobin of 6 i Gm The 
differential showed 55 pob'morphonuclear cells, 8 large Kmphocj’tes, 28 small lym- 
pliocjtes 7 monoc}tes, i basophil, and i j'oung polj morphonuclear cell The serum 
protein w as 3 5 per cent, the chloride 105 9 mg per cent nonprotem nitrogen 23 mg 
per cent, and the COj combining pow’er 24 i mg per cent Uranalysis showed albumm 
-h-fi-h, wuth 20 to 30 hj aline or granular casts per high pow'er field, and 5 to 10 
white blood cells 

Fust Opaaiion — ^July 2, 1942 A resection of the terminal ileum, with entero- 
enterostomy and resection of the sigmoid, with colostomj were performed The 
abdomen was opened through a right paramedian incision The upper three-fourths 
of the small intestinal tract w'as normal in appearance The lower fourth w’as a 
matted mass of bowel, greatlv dilated and fibrosed It was adherent in the left lower 
quadrant to the sigmoid and bladder Distal to this point, which was about sin. inches 
proximal to the ileocecal lahe the ileum w’as collapsed The large bowel was normal 
otherwuse Palpation of the stomach repealed a lerj large carcinoma of the fundus 
w'hich was freely moiable and did not appear to iinohe the esophagus There were 
a few' small, hard, nodules in the li\er, one of which was removed for biopsj The 
bow'el was dissected free from the sigmoid and a fistulous opening w'as found to exist 
between the two There w'as some tissue in the sigmoid which suggested malignant 
disease 

The large matted mass of intestines w'as resected Six inches of the terminal 
ileum were saved The end of this and the distal end of the upper ileum w'ere turned 
111 w'lth running catgut for mucosal sutures and interrupted Halsted mattress sutures 
of cotton A side-to-side anastomosis w'as performed betw'een the two portions ot 
ileum, using tw'o lavers of running catgut sutures The proximal end of the anastomosis 
laj' inferior to the distal end The AIiller-Abbott tube had descended to this level 
and the tip of it was passed through anastomosis 

Because of the opening in the sigmoid and the question of malignant disease in it, tins 
was resected and the cut ends brought out through a McBurnev incision m the left 
side of the abdomen The loops were not sutured together as it was intended 
to reanastomose them bv an end-to-end suture aftei resection of the stomach The 
abdomen vv as closed m lav ers after sprinkling the peritoneum w ith sulfanilamide pow der 

Pathologic examination of the specimens remov ed show eda 1x05x02 cm 
fragment of liver which was almost completelv replaced bv white, glistening friable 
tissue This proved to be metastatic adenocai cinoma There were approximatelj two 
feet of ileum which was thrown into six knuckles, firmlj bound to each otlier bv 
dense bands of old fibrous tissue In one place these adhesions formed a slightlv 
elevated graj plaque, measuring r x 2 cm At this point the wall had an average 
thickness of four millimeters Elsewhere the average thickness was two millimeters 
The mucosa was negative Also submitted was a portion of large bowel, measuring eight 
centimeters, which was grosslv negativ'e A diagnosis of intestinal obstruction due to 
adhesive bands was made 

Postoperatn’e Course — The patient did well following operation until the 17th 
dav', when both legs were found to be swollen about the ankles Ten dajs later 
he had a slight fever lasting for two davs, and complained of some pain m his right 
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chest Roentgenologic examination of the chest showed scan mg in the right lung 
and old pleurisy, consistent with healing infarcts Because of this and especially 
because of his prospective long stay in bed, it was felt that this patient should have 
hgation of both superficial femoral veins This procedure was carried out on 


August 2, 1942 r 1 j ^ 

Barium examination of the esophagus and stomach, on August 5 1942, faded to 

icveal any pathologj' There was considerable food 111 the stomach The duodenum 
v\as large throughout its length The first two loops of jejunum weie not dilated 
No further examination was made 

Second Of>ciahoit —August n, 1942 Transthoracic total gastrectomy and splen- 
ectomj were performed, with esophagojejunostomy and entero-entei ostomy Undei 
intratracheal ether anesthesia, the ninth left rib was resected The lung collapsed 
satisfactorily on opening the pleura The diaphragm was then opened and it was 
ascertained that the lesion was resectable The left phrenic nerve was then crushed 
A gastrectomy was performed removing one and one-half inches of esophagus, the lower 
end of which was involved in the carcinoma The diaphragm was then severed in 
its entirety, leaving about one centimeter around the esophageal hiatus This was done 
m order to use this portion of the diaphragm as a support for the jejunum, as it was 
found impossible to bring the jejunum within the thorax without undue tension 
An end-to-side anastomosis was pei formed after freeing up the esophagus and bunging 
It down through the esophageal hiatus Three rows of interrupted cotton mattress sutures 
were used The outer layer was between the diaphragm and jejunum , the inner two layeis 
were between the esophagus and jejunum There were very few if any metastatic nodes to 
he noted A few’ small metastatic nodules were palpable in the liver As the spleen 
was in the w’aj of the stomach it also w’as resected along with a portion of the pancreas 
An entero-enterostomy was performed between the distal and proximal jejunal loops, 
as there seemed to be a little kinking of the distal jejunal loop where it was sutured 
to the diaphragm The diaphragm was then closed with interrupted cotton and a 
running catgut suture The chest wall was closed m layers A whistle-tip cathetei 
w’as brought out through the ninth interspace Sulfanilamide was used around the 
anastomosis and in the thoracic wound 

Pathologic Examination — Gioss The speamen showed a totally resected stomach 
including i cm of esophagus and 2 cm of duodenum It measured 18 cm m length 
and 14 cm in circumference^ It contained in its center a large, indurated, fungating, 
partially annular neoplasm measuring 10 cm in length, 16 cm in circumference and 
T cm m thickness The serosa w’as smooth but moderately elevated over the nodular, 
firm, external surface of the lesion The mucosa was smooth, pale, and pebbly except 
for the neoplastic area w’here there were hard fungating nodules measuring up to 3 cm 
m maximum diameter protruding up to 2 cm above the surface There were some 
superficial necrotic areas No lymph nodes were attached to the specimen, but a 
separatelj submitted lymph node was firm, gray, and measured 8 mm in diameter 
Pathologic Dicgnosts Adenocarcinoma of the stomach 

The patients recoveiy from operation was uneventful, and his subsequent progress 
excellent On September 5th the colostomy was closed and he was discharged 18 days 
s \ w eeks after the gastrectomj On December 6th, four months after the 
gastrectomy, he was m onlj fair condition and probably beginning to fail because 
of the metastatic disease in the Inet 


rh„sotic ® S 9 , ^^as admitted to the Alassa- 

nne u 10^-T """ December 14, 1942 She had had two preCious admissions 

nf ^ temporal meningioma and the second in 1941 for ligation 

complaint at this time w’as of increasingly seiere 
oi ,e past SIX- or se\cn months accompanied b\ weight loss of approxi- 
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matel} 30 pounds Because of this she had gradually eaten less and less and, for the 
past few weeks, had taken nothing except milk During the past two months she haa 
had epigastnc pain which radiated around the right side to the back Associated with 
this pain, w'hich w'as unrelated to meals or to the t3pe of food eaten, was a feeling 
of fullness in the abdomen, particularlj’- m the epigastrium She had been nauseated but 
had vomited only one or twice There had been no hematemesis There had been 
no change in bow'el habit and no tarry or bloodj stools She had had no cough, chest 
pain, or hemoptysis She had had a gradually increasing feeling of weakness associated 
with some dyspnea on exertion There w'as a history of cancer in a number of 
members of her family 

Physical examination showed a middle-aged, pale woman, with eMdence of recent 
weight loss There were a few small nodes m the left axilla There were no supra- 
clavicular nodes The heart was enlarged by percussion i 5 cm outside the mid- 
clavicular line There was slight splitting of the first sound at the apex with faint 
soft systolic murmur and an occasional extra sj'stole Blood pressure 140/60 The 
lungs were clear Abdominal examination showed a relaxed and flabb}’- abdominal 
wall with numerous striae The liver was palpable on deep inspiration about two 
fingers breadth below the costal margin It w’as smooth and not tender There was 
no palpable mass 

Laboratory studies show’ed a white blood cell count of 6700 , a red count of 5 80, 
and hemoglobin of 100 per cent Stool was guaiac-negative Gastric analysis before 
histamine revealed guaiac + + + + reaction, free acid o, combined acid 16 , after 
histamine, analysis of 1 5 oz of mucoid, grosslj bloody fluid showed no free acid, 
combined acid 34, total acid 34 Serum protein 60 mg per cent 

Roentgenologic examination of the esophagus was not remarkable The lumen 
of the stomach, how'ever, w'as markedly decreased in size The stomach w’all was 
thickened and the mucosa was destroj'ed from the fundus to a point about six centi- 
meters proximal to the pylorus The duodenum and upper jejunum w'ere not remark- 
able The appearance was that of scirrhus carcinoma There was no definite evidence 
of involvement of the lower esophagus Examination of the dorsal and lumbar spine 
was negative The lungs were clear and the heart not remarkable 

Operation — December 23, 1942 A transthoracic total gastrectomj with esophago- 
jej unostomy, splenectomy, and entero-enterostomj w’as performed A long incision 
was made over the course of the 9th rib on the left side, and the 9th rib was resected 
The lower lobe of the lung w'as quite adherent and had to be freed so as to get at the 
diaphragm The diaphragm was divided after first paralyzing the phrenic nene 
w'lth novocain The stomach was explored and it was found that it could be brought 
up easily There w’ere no adhesions and there w’as no invasion of am adjacent 
structure excepting the hilum of the spleen where the growth had apparentlj begun 
to extend This made it necessarj’ to remove the spleen along with the stomach 
The major portion of the stomach was in\olvcd so that a total gastrectomj w’as the 
onlv logical procedure 

The diaphragm w’as divided completelj’ through the hiatus The phrenic ner\e 
was crushed and the stomach w’as freed by cutting the diaphragmatic attachments and 
the left gastric vessels The spleen was then removed, tying the arterj and tein 
separately, and the incision w’as carried betw'een the spleen and the pancreas and along 
the gastrocolic ligament At this point, it seemed to be easier to cut across the 
esophagus and turn the stomach up so as to get access to the duodenum This 
was, therefore, done, using Dr Smithwick’s special clamp and closing the end 
temporarily with a basting-stitch of silk The duodenum was then freed An attempt 
was made to tie it, but the tie slipped off and it then became necessarj’ to invert it m 
the usual wa^, using a Connell suture on the inner layer, a second lajer of running 
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I cmbert stitch, and an outer layer of Lembert mattress sutures, using interrupted sill. 

The upper loop of jejunum was then brought out It had a very short meseiiteij 
so tliat It was impossible to bring the loop very high into the chest A satisfactors 
anastomosis was made, however, using the end of the esophagus to the side of the 
jejunum wnth two layers of interrupted silk sutures, an inner layer in mucous membrane 
and an outer lajer of mattress sutures m the muscularis 

An entcro-enterostomy was performed between the two arms of the jejunal loop 
using two layers of sutures, catgut inside and fine silk on the serosal side In doing 
this it seemed wise to fold the jejunum over and wrap it around the anastomosis and 
esophagus, in very much the same way as advocated by Roscoe Graham This was 
done using silk sutures The jejunal loop all around to the anastomosis was firmlj 
fixed to the posterior cut edges of the diaphragm with interrupted silk sutures A 
portion of omentum was brought up and fixed around the anterior part of the anastomosis 
\ stomach tube was then threaded down through the esophagojej unostomy into the 
proximal arm of the loop and down through the entero-enterostomy into the distal arm 
This route was chosen because it seemed to be the most direct 

About SIX Gm of sulfanilamide was introduced, some in the upper abdomen and 
some in the chest The diaphragm was closed with interrupted silk sutures and, aftei 
putting a catheter in the interspace below, the chest was closed in layers in the 
usual way The lung was thoroughly reexpanded before chest closure was made 

Pathologic Exaimnaitoti — The specimen showed a complete stomach to which was 
attached a 300-Gm normal-appearing spleen The stomach measured 15 cm on the 
lesser curvature and 20 cm on the greater curvature The wall was 7 mm thick in 
the area of the tumor, which occupied the proximal 10 cm of the specimen The tumor 
stopped abruptly in the distal third and here the mucosa was intact, normal m appear- 
ance, wnth walls less than 5 mm thick The serosa over the tumor-bearing area was 
red and brawny, elsewhere smooth and shiny Dense tissue seemed to be growing 
into the fat at the lesser curvature One soft lymph node was found Pathologic 
Diagnosis Scirrhus caranoma and arteriosclerosis of the spleen 

The patient’s postoperative convalescence was comfortable and complicated only by 
thrombophlebitis occurring on the 22nd day after operation, because of which the 
left superficial femoral vein was ligated and jelly-like clot removed both distally and 
proximallj 

Case 5 — M G H No 387483 W S, male, age 49, entered the Massachusetts 
General Hospital, December 31, 1942, having been referred by his local doctor with 
a diagnosis of inoperable carcinoma of the stomach About one and one-half years 
previouslj" the patient had been studied elsewhere because of severe hematemesis, and 
bad been told that he had ulcers of the stomach He had been treated medically, 
with apparently satisfactory remission of his symptoms About four months before 
admission, how’ever, because of vague digestive disturbances and vomiting, a roent- 
genologic examination resulted in a diagnosis of carcinoma of the stomach being made 
He had had no more hematemesis An exploratory celiotomy had been performed, and 
an apparently inoperable growth found The carcinoma was large, was located at 
the Nery upper end of the lesser curvature and appeared to extend into the lower 
esophagus with posterior extension of the lesion Following the operation the 
pa icn la e t poorlj , had lost about 30 pounds in w^eight, had vomited almost every- 

1 increasing difficulty m swallowing He had had a 
httle abdominal pam, but his mam problem was that of starvation He complained 
o increasing constipation, but had had no melena or bloody stools He had always 
been well up to the time of his present illness ^ 

patient was a pale, somewhat cachectic white male, 
showing eiidence of chrome wasting disease There were almond-sized bilateral, 
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tendei inguinal noclt-s and shottj epitiochleai nodes Ihe chest was emphysematous, 
the diaphragms low, and the costal margins flaied The abdomen was scaphoid There 
was a well-healed, recent, nontender, right upper midrectus scar The liver margin 
was soft and not tender at the right costal maigin In the right epigastrium there 
was a deeply felt, nontender resistance, wnth a questionable mass 

Roentgenologic evammation of the gastro-intestinal tract showed a defect in the 
lowei end of the esophagus extending from the cardia and continuing around the 



Fig 5 — Case 5 Pieopentive roentgenogram of stomach showing large filling 
defect invohing lowei esophagus caidia fundus and proximal two thuds of lessei 
curvature of stomach 


stomach in an annular fashion The involvement extended down upon the stomach 
to the distal third, where free peristalsis began and the stomach wall was quite flexible 
The duodenal bulb was normal There was no great amount of obstruction at the cardia 
The findings were those of carcinoma of the cardia involving the lower end of the 
esophagus and adjacent stomach (Fig 5) Examination of the chest showed no evidence 
of metastases 

Laboiatorv studies showed the white blood cells 4900 the red cells 418, hemo- 
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globin 100 per cent Examniatton of the stools gave a positive guaiac test The 

vomitus showed a negative guaiac reaction 

Operaiwu -Janmvy 12, 1943 A transthoracic total gastrectomy was performed 

A long oblique incision was made along the course of the ninth rib on the left side 
The entire ninth rib was resected There was no fluid in the chest caMty The lung 
felt normal The tumor could be felt through the diaphragm The diaphragm was 
opened and the tumor explored It was a \er\ large tarcinoma involving the lowei 
esophagus as far as a point about two inches above the diaphragm and extending down 
the lesser curvature and posterior wall of the stomach almost to the pylorus The 
posterior wall was adherent to the pancreas and it was ncccssaij to remo^e a small 
portion of the pancreas along with a loop of the splenic artcii’ This made it 
necessarj to perform a splencctoim 

The* entire stomach and lower esophagus weic fieed The duodenum was grasped 



1 iG 6 — Case 5 Photograph of the specimen consisting of the entire stomach, including 1 
portion of lower esophagus 

with the Jones clamp and imerted, using the Jones clamp method This w’as accomplished 
without difficulty and leinforcing sutures w'crc used to hold the pancreas over the 
imerted duodenal end The esophagus was then divided at a point about three 
or possibly more, inches above the lex cl of the diaphtagm The proximal loop of 
the jejunum was then brought up through an opening ni the transveise mesocolon, 
and It w'as found that this loop could not be brought any closer than three or four 
inches from the cut end of the esophagus The apex of the loop was barely above 
the level of the hiatus of the diaphragm The large vessel at the base of this loop 
of jejunum was, therefore, dnided between two ties, and it was found that this 
gave enough relaxation of the pull on the loop to allow it to be brought into the 
c est as Hr as necessary, and a very comfortable anastomosis, without tension, w^as 
ma e e jejunal loop was fixed to the edge of the diaphragm posteriorly and to 
he mediastinal pleura Anastomosis w'as made, end-to-sidc using thiee layers, on the 
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proNinial arm of the jejunal loop The distal arm was then wrapped around, by the 
Roscoe Graham method, so as to completely cover over the anastomotic suture line 
An entero-enterostomv was then performed between the two arms of the jejunal loop 
It was found after this was done that the entero-enterostomv lay at a point just above 
tlic level of the diaphragm 


(t 




Fig 7 — Case s Postoperative roentgenogram showing the v\ide open 
esophagojejunal anastomosis several inches above the level of the diaphragm, 
which IS indicated by the constricted appearance of the jejunal loop at that 
point 


The Levin tube was brought down through the esophagojej unostomy, but it could 
not be put through the jejunojej unostomy Silk technic was used throughout excepting 
for the entero-enterostomy which was done with catgut 

The phrenic nerve was crushed and the diaphragm was sutuied around the jejunal 
If op after covering the entire loop and both anastomoses with a piece of omentum 
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which came up easily Suture of the diaphragm was then completed A catheter 
was led out through one of the lower interspaces and the wound closed m layers 

Pathologic Examination -Gloss The specimen consisted of an entire stomach 
including a portion of the esophagus, measuring lO cm on the lesser and ^5 cm on 
the greater curvature (Fig 6) On the lesser curvature there was a large, ulcerated 
fungating, yellowish-gray, granular, infiltrating mass ri x 6 x i cm almost completely 
encircling the cardiac end of the stomach except foi an area 2 cm wide The mass 
infiltrated the musculans of the lower portion of the esophagus and approximately 
6 cm of the lesser curvature The mass infiltrated the muscle wall and involved 
the anterior and posterior surfaces of the serosa which was hemorrhagic reddish-brown 
Otherwise the mucosa was slightly edematous No regional lymph nodes were found 
Submitted separately was a normal-appearing spleen measuring I2 x 8 x 3 5 cm , weighing 
1585 Gm, and a lymph node measuring 2 x i x i cm was also present The pulp 
was deep purple and firm Pathologic Diagnosis Adenocarcinoma of the stomach, 
acute and chronic gastritis, and moderate arteriosclerosis of the splenic arterioles 
The lymph node showed diffuse fibrosis and a considerable amount of brown pigment 
This did not take the iron stain, and was probably carbon There were some foci of multi- 
nucleated giant cells w’hich did not resemble those seen in tubercles 

The patient made an uneventful recoverj He was discharged within three 
weeks of the date of the operation At that tunc he was eating a six-meal bland 
diet with comfort Postoperative roentgenograms showed a well functioning anastomotic 
stoma (Fig 7) 

Case 6 — M G H No 295524, J C, male, age 54, was admitted to the Baker 
Memorial, at the Massachusetts General Hospital, December 30, 1942, complaining 
of substernal discomfort and anorexia One and one-half j'cars previously he had 
begun to experience substernal discomfort and tenderness, together with loss of 
appetite These symptoms came on suddenly, the patient had always been well although 
he had never been a very heavy cater He described his symptoms as a "sick feeling” 
which came on irregularlj, during which time he would feel nauseated but would not 
vomit, though he would occasionally have regurgitation of a little fluid These 
episodes were quite frequent, lasting from 15 to 20 minutes, and were only slightlv 
relieved by soda They bore no constant relation to meals or exercise and continued 
up to the time of admission He had no djsphagia Shortly after the onset of tliesc 
symptoms the patient had a gastric senes, and three months before his present 
admission he had had a barium enema, both of which w'crc negativ'c He had 
been put on a bland diet after the first roentgenologic examination, but the anorexia 
had persisted, and during the next six months he had lost 20 pounds About four 
months before admission, however, there was a remission in his symptoms, his 
cppetite improved somew'hat, and he regained Jo pounds, but for the last three 
weeks he had had anorexia, again accompanied by a feeling of weakness and fatigue, 
and he had begun to lose w'eight again He thought he noticed dark stools on several 
occasions, but had had no bloody stools 01 hcmatcmesis A week before admission 
he had had a second gastric senes, and as a result of that was advised to be 
operated upon His father had died at 79 of cirrhosis and cancer of the liver, but there 
was no other family history of cancer 

Physical Examination —The patient was a fairly well-developed and well-nourished 
man o middle age, pale, but apparently m no distress His heart was not enlarged 
Blood pressure 92/58 There was a soft irregular mass in the left epigastrium, fixed 
posteriorly, and not tender The liver edge was not palpable* 

Roentgenologic examination of the stomach showed the esophagus to be not 
remarkable Just distal to the fundus of the stomach the mucosal pattern appeared 
a tered and m some places destroyed There appeared to be a small ulceration along 
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the lesser curvature of the stomach The stomach appeared to be involved from a 
point 5 cm distal to the cardia down to the pylorus There was no evidence n 
involvement or of extension through the pylorus The findings were those of fairl} 
extensive carcinoma of the stomach 

Laboratory studies showed white blood cells S 300 , hemoglobin of 145 Gm The 
stool showed a negative guaiac reaction Hinton test was negative Fasting blood 
protein was 4 7 per cent 

Opemhon — January 6, 1943 A transthoracic total gastrectomy was performed, with 
splenectomy and esophagojej unostomy and jejunal entero-enterostomy A long oblique 
incision was made over the course of the ninth rib on the left The entire ninth rib 
was resected and the chest was opened through its periosteal bed The lung was not 
adherent The tumor could be palpated through the diaphragm It extended into the 
lower esophagus but not far m the thoracic portion The diaphragm was opened and 
retracted with stay sutures The liver was palpated and no nodules were found within 
It The carcinoma extended along the lesser curvature from the pylorus to the cardia 
and, although the greater curvature was free excepting near the fundus, it was obvious 
because of the extent along the lesser curvature that nothing short of a total gastrectomy 
would be of any value 

There were a number of large lymph nodes near the cardia and also on both sides 
of the pylorus which seemed to be involved These were all removed It was necessarj 
to remove the spleen m order to get proper access to the region behind the stomach 
The lower esophagus was freed The left gastric vessels were cut and tied The 
anastomotic branches around the hiatus of the diaphragm and the vasa brevia were 
likewise cut and tied The entire stomach was then freed, but in order to get good 
access to the duodenum it was necessary to cut across the esophagus first This was 
done, using Doctor Smithwick’s clamp A basting-stitch was then used to close 
over the esophageal cut end, and the clamp was removed The dissection was then 
carried down to the duodenum and in cutting around the lymph nodes which laj 
there so that they could be removed, the duodenum was partially torn The remainder 
was cut across and the open duodenal end was sutured with a first layer of Connell 
sutures and a second la\er of Lembert sutures of silk This was reinforced by suturing 
it into the head of the pancreas and applying a piece of omentum o\er that A rent 
was then made in the transverse mesocolon and the proximal jejunal loop was brought 
up through It There was just enough slack in the jejunum to allow an anastomosis 
without tension The Smith wick clamp was used again on the jejunum and an aseptic 
anastomosis was performed, placing the esophagus on the efferent arm of the jejunal 
loop The afferent arm was then folded over the anastomosis by the Roscoe Graham 
method Before the anastomosis was started the jejunal loop had been fixed posteriorly 
to the crura of the diaphragm and some of the mediastinal pleura A three-lajer 
suture was used An entero-enterostomy was then performed between the proximal 
and distal arms of the jejunal loop, using two layers of catgut An attempt was made 
to thread the nasal catheter through the anastomosis without success It was, therefore 
left in the lower esophagus A long piece of omentum was brought up and sutured 
around the anastomoses, completely covering over the loop which had been brought up 
The diaphragm was then sutured loosely around the jejunal loop The entero- 
enterostomy was just below the level of the diaphragm The opening in the transverse 
mesocolon was not sutured 

Two Gm of sulfanilamide was introduced in the abdomen and tw'o in the chest 
A catheter was brought out through the 9th interspace posteriorly, and the chest 
was closed 

Pathologic Evamtnafioit —Gross The specimen showed a totally resected, previous!} 
opened stomach including the pjdorus, measuring 30 cm along the greater curvature 
and 12 cm along the lesser ^ small (05 cm) piece of esophagus w'as also present 
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Involving practically all of the lesser curvature and about a third of both anterioi 
and posterior walls was a very hard, infiltrating tumor, measuring approximately 
8 X 6 cm The edges of the tumor were raised approximately 6 — 7 mm and the mam 
bulk of the tumor was ulcerated, reddish-yellow, and granular The tumor extended 
very close to the pyloric cut edge The entire muscularis and serosa in the region of 
the tumor was definitely infiltrated, producing iriegular grayish-white subserosal plaques 
Pathologic Diagnosis Adenocarcinoma, with metastases to regional 1 } mph nodes 

Roentgenologic examination of the chest three days after operation showed diffuse 
haziness throughout the left side, probablj due to a small amount of fluid Theie was no 
evidence of appreciable mediastinal shift 

The patient’s postoperatne course was uncicntful and uncomplicated except foi 

parotitis, which de\ eloped a week after operation 

Case 7~M G H No 391651 I P, male, age 57, was admitted to the Bakei 
Memorial, Januarj 29. 1943 because of what was thought to be a gastiic ulcer He 
had been perfectlv well until ten months previoush when he first noticed the onset 01 
d tired feeling His phjsician said that his blood was low' and gave him vitamins and 
iron This impro\ed him considerably In Maj, 1942, he had had a three-week episode 
of diarrhea, without blood or other sjmptoms This had cleared spontancouslj and 
except for occasional abdominal discomfort and gas he had been well until about eight 
Weeks prior to admission when he had had another attack of diarrhea without othci 
symptoms Four weeks before admission he had \omitcd about two cupfuls of blood 
had fainted, and had been taken to a local hospital He soon rcco\crcd, and a gastro- 
intestinal series showed what was thought to be a gastric ulcci He was. thcrcfoic, 
referred to the Massachusetts General Hospital foi gastroscop> and treatment He 
had had no nausea, ronutmg, or cramps except as presioush mentioned His 
appetite had been good He had lost about 12 pounds during his recent hospital 
stay but had regained some of that He had no other simptoms 

Physical E-iamimfion — The patient was a well-de\ eloped and well-nourished mid- 
dle-aged w'hite male The heart and lungs were apparentU normal Abdominal exam- 
ination w'as negatne Rectal examination was negatne There was no rectal shell 
Laboratory studies showed a photohemoglobin of 107 Gm . scrum piotem 52 per 
cent N P N 32 mg per cent and chloride 105 4 mg per cent The Hinton test 
was negatne 


On Januarj 30, 1943. gastroscopy w’as attempted but at the caidiac onfice the 

instrument met wuth complete obstruction, and no view of the stomach could be 

obtained It was felt that the findings were consistent w'lth neoplasm involving the 

upper part of the stomach close to the cardiac orifice and that the case was a suitable 

one for transthoracic gastrectomy 


Two days following gastroscopic examination the patient suddenlj \omited about 
700 cc of bright red blood His blood pressure fell to 90/50 He was transfused a 
number of times, wnth good response 

O/xnafioH— Februarj 10, 1943 \ tiansthoiacic gastrcctonij with csophago- 

jejunostomv, entero-enterostom) , and splenectomy weic pci formed A long oblique 
incision was made along the left side of the chest and the ninth rib w-as resected Thei c 
were a number of adhesions betw'een the lung and diaphragm These had to be 
separated The lower end of the esophagus was identified and freed-up A tape w'as 
passed around it The diaphragm was opened The growth was found to be operable 
and the phrenic nerve was, therefore, pinched The growth extended fiom about 15 
cm e ow the cardiac orifice almost to the pylorus, and it was obvious that nothing 
short of a total gastrectomy would succeed This was carried out The spleen was 
^ ^^^er access The duodenum was cut across on a Jones 

attached to the esophagus was then bi ought up and laid out on the chest 
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ONE-STAGE RADICAL PANCREATICODUODENECTOMY, 

PRESERVING THE EXTERNAL PANCREATIC SECRETION 

CASE REPORT 

Charles G Child, III, M D 

Nrw York, N 

tROM THE DEIARTMENT OF SURCERT, NEW YORK HOSPITAI 
AND CORNELL UNI^ERSITY MEDICAL COLLEGE NEW YORK N Y 

The SURGICAL treatmeni or cancer involving the first and second 
portions of the duodenum, the ampullar}^ region, and the head of the pan- 
creas has recently been receiving an increased amount of attention The 
reasons for this lie primarily m the discoveiy of methods whereby the 
bleeding tendenc}' in jaundice can be controlled as well as in recent improve- 
ments in the pre- and postoperative care of debilitated patients In view 
of the effectiveness of these suigical aids it has been possible during the 
past seven or eight years to change the status of radical pancreaticoduodenec- 
tomy from that of a lare surgical feat to one associated with an encouraging 
incidence of success 

Early in the renew'ed attack upon this problem efforts w^ere made tow^ard 
its accomplishment in two stages The first of these, a cholecystenterostomy, 
was presumed impoitant in order to control the bleeding tendency which 
IS associated with the jaundice almost invariably present in patients suffer- 
ing from cancer m and about the head of the pancreas Early m the annals 
of the two-stage procedure it became evident that many technical difficulties 
were involved, particularly with reference to the number of adhesions en- 
countered at the second stage This, together with a fuller appreciation 
of the effectiveness of vitamin K in controlling the hemorrhagic tendency 
led Whipple, in 1940, to peiform the first successful single-stage operation 
Since then the trend has been definitely toward accomplishing this radical 
procedure at one operation 

The early history of this type of radical operation, 1900 to 1935, w^as 
associated with many unsuccessful efforts directed toward preserving the 
external pancreatic secretion, a factor presumed necessary to life because 
It was believed impossible to keep dogs alive follownng total pancreatectomy 
This period was followed by one during the early part of wfiich it w^as 
discovered that some patients could survive when deprived of their external 
pancreatic secretion At the moment, the question of the absolute necessity 
of the external pancreatic function is far from finally settled Apparently, 
if one IS to judge from the reported cases, the state of health of the patients 
in whom no effort has been made to preserve this function is quite variable , 
some have shown a remarkable degree of fat digestion, wdnle others have 
admittedly done poorly, steatorrhea and general debility presenting as a 
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prominent featuie of then postopeiative course Peihaps the most signifi- 
cant single factor is that it is impossible to pi edict pi eoperatively which 
patients "ivill tolerate deprivation of their external pancreatic function and 
which will not These factors, together with the appieciation of the fact 
that pancreatico-enteric anastomoses can be successfully performed provided 
silk IS employed as the sutuie mateiial, have prompted the recent tendency 
to secuie. if possible, drainage of the pancreas into the gastro-intestmal 

tiact 

Because it has seemed advantageous to LOiintei furthei the impression, 
all too generally held, that pancreaticoduodenal cancer is therapeutically hope- 
less. the following case is added to those aheady reported It is that of a 
patient with carcinoma, primaiy m the duodenum, in whom a radical pan- 
el eaticoduodenectomy vas performed m one stage He survived, relatively 
free of symptoms, for 14 months, at the end of which period reexploration 
of the abdomen because of jaundice levealed massive recurrence of the tumor 

'Case Report — NYH No 311583 J B, white, male, age 57, was first admitted 
to the New' York Hospital m November, 1941, complaining of generabred cutaneous 
pruntis and of jaundice, both of one month’s duration His familj' history w'as ir- 
relevant save that his father died of carcinoma of the stomach Detailed inquiry into 
his past history failed to reveal any significant facts prior to the onset of his present 
illness This the patient dated to appro\imatcl> four weeks before admission, at which 
time he suffered from diarrhea for one week During this his stools became lighter 
in color, his urine darker, and his skin jellow' Associated w’lth these phenomena, 
his appetite became poor, he developed generalized pruntis, and lost 20 pounds in weight 
On admission, his vital signs w'ere w'lthin normal limits and physical examination 
revealed a w'ell-developed, chionically ill man, w’lio was intensely jaundiced There 
were no significant abnormalities noted in the course of his general examination In- 
terest centered m examination of the abdomen w'bere, m the right upper quadrant, an 
enlarged liver and gallbladder weie palpable There was no tenderness, nor could any 
tumor masses be felt 


Laboiatoiy Daia (preoperatively) 

Blood Hb , 10 Gm , RBC, 3 8 M , WBC, 9050 Differential normal 
Urine Negative save for the presence of a marked amount of bile 
Icteric index— no mg/ioo cc 
Stool— Guiaic, 2-f 

Prothrombin time — 61%, rising to 100% after administration of vitamin K 
Duodenal drainage— Bile absent, indicating complete common duct obstruction 
Secretin test Marked increase in volume after administration of secretin 


Volume 

Bicarbonate 

Total output 

Diastase 

Trypsin 

Lipase 

■> Interpretation 

Blood sugar — ^78 
Blood urea N — n 


—501 cc 

— 96 milhequivalents 
—382 (N/id NaHCOs 
— 673 units per 60' 

—ns units per 60' 

—31,8^6 units per 60' 

These figures are high normal, and 
of the pancreatic ducts 


fail to indicate any obstruction 
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Roentgenologic E lamination — (11/27/41) The stomach, esophagus and duodenal 
bulb are normal The second and third portions of the duodenum are very irregular m 
outline A mass is noted m the third portion Chest normal Diagnosis Infiltrative 
carcinoma of the head of the pancreas Carcinoma of the duodenum 

Pieoperative Course In view of the jaundice, failure to obtain bile on duodenal 
drainage, the defective appearance of duodenum when visualized with barium as a 
contrast media, and normal pancreatic function, a diagnosis of carcinoma was made, 
primary in either the common duct, the duodenum, or the pancreas, and associated with 
obstruction of the common duct but not of the pancreatic ducts 

Operation — November 28, 1941 Under open drop ether, the peritoneal cavity was 
entered through a long right upper rectus incision The liver was found enlarged but 
without evidence of metastatic involvement The gallbladder and common duct were 
hugely dilated There was a hard tumor mass involving the second portion of the 
duodenum, the region of the ampulla of Vater, and the head of the pancreas This was 



Fic I — Diagrammatic representation of the recon 
struction of the continuitj of the gastro intestinal 
biliarj and pancreatic tracts 


freely movable, and resection was undertaken as follows ( i ) The right lateral peritoneum 
was divided as was the gastrocolic ligament, thereby mobilizing the entire duodenum, 
(2) the common duct was divided, (3) the jejunum was divided just distal to Treitz’ 
ligament, (4) the lower end of the stomach was divided, (5) the pancreas was divided 
at approximately the junction of its distal and middle third, (6) the tumor and asso- 
ciated structures were then carefully freed from the vena cava and superior mesenteric 
vessels and removed, (7) reestablishment of the enteric canal and associated organs 
was accomplished by the following anastomoses (a) Gastrojejunostomj^ end-to-side, 
(b) pancreaticojej unostomy, end-to-end, (c) cholecystojej unostomy, side-to-side (Fig 
i) The wound was closed with through-and-through silver wire and catgut in lajers, 
draining the right gutter through a stab wound m the flank One dram was placed neai 
the site of pancreaticojej unostomy Time — five hours 

Pathologic Examination — Gross The specimen consists of a segment of duodenum 
14 5 cm in length and 6 cm m circumference The last 5 cm of the duodenum is occu- 
pied by a crateriform tumor which surrounds the intestine completely The ampulla of 
Vater presents as a lobular mass 2 cm in width and 9 cm in thickness , the orifice 
admits a 3 mm probe The common duct above the ampulla is dilated to a circumference 
of 3 s cm The walls are leathery and are invaded by tumor only in the distal portion, 
where it traverses tumor The accessory pancreatic duct is patent to the same probe 
and IS not involved in tumor, emerging through duodenal mucosa about 5 5 cm above 
the ampulla of Vater The bile-stained head of the pancreas is stony-hard and apparenth 
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bhares with the duodenum in its caicinomatoiis involvement The duct of Wirsung 
cannot be demonstiated beyond a small tract which opens near the papilla of Vater 
in the common duct and runs about 3 cm along its wall, beyond w'hich point a probe 
will not pass With the specimen is ii cm of unuivaded, natural-looking jejunum 
As the body of the pancreas is sectioned the mam pancreatic duct is identified Bv 
means of a probe this duct can be tiaced through the substance of the pancreas to 
emerge at the obstructed ampulla of Vater 

Microscopic examination of the duodenum reveals that thcic is very poorly-differ- 
entiated epithelium growing m a wild and disorderly fashion throughout the thickness 
of the w'all This epithelium consists of cells w'hich vaiy considerably m size, shape 
and staining quality, but are, for the most part, somewhat poljgonal Thej are arranged 
m strands and cords and m some places ha\e a tendency to form rudimentary alveoli, 
W'hich do not contain lumma A notable feature of these epithelial cells is that many of 
them resemble mucous cells Many of them assume the form of “signet rings ” Although 
It IS unusual, there is no doubt that this tumor originates in the duodenum rather than 
in the papillary epithelium, as do the common ampullarj, tumors 

Postopeialix'c Couisl — The immediate postoperatn c course was marred by the de- 
velopment of atelectasis of the right lower lobe, followed by pneumonia This, however, 
cleared w'lthm a few dajs upon the administration of sulfadiazine The abdominal 
wounds healed without infection, and the drains weie removed on the sc\enth post- 
operative day, their stab wound closing within the next few days He was discharged 
from the hospital upon the 30th day after operation 

During his postoperative period tw'O laboratorj studies were of interest (i) His 
preoperative fasting blood sugar was 78 mg/ 100 cc Immediately following operation 
this ranged from 120 to 153 mg/ioo cc , though at no time was there a glycosuria On 
discharge the fasting leiel was 100 mg/ioo cc (2) The secretin test was repeated, and 
the values w'ere as follows 


Volume 

Bicarbonate 

Diastase 

Trypsin 

Lipase 


—I 75 cc /kg / 57 ' 

— 16 milhcqunalcnts 
— o 76 units/kg /57' 
— 0 26 units/kg /57' 
—104 units/kg/57' 


IfUet pi ctation This demonstrates the presence of external pancreatic secretion m 
the gastro-intestmal tract, there being approximately one-sixth of 
normal function present In view of the fact that this man mani- 
fested no abnormality in fat digestion, it must be assumed either 
that the collection of the material was far less efficient than m 
the normal or that onc-sixth of the normal amount is adequate for 
normal digestion of ingested fat Which of these approaches is 
correct is of course impossible of determination 


During the first 14 months following operation tins man ^was entiiely well save 
for two attacks of chills, fever, and transient jaundice— interpreted as attacks of as- 
cending cholangitic infection, a phenomenon not infrequently observed following 
cholecystenterostomy At the end of this period he again became jaundiced and w'as 
readmitted to the hospital 

Physical examination at this time revealed an enlarged liver, upon the surface 
of which could be palpated several hard nodules Although the outlook, of course, was 
not good It was felt that he deserved reexploration m the hope that revision of the 
cholecystenterostomy could be undertaken and the patient relieved of his jaundice At 
operation, under local anesthesia, Maich 8, 1943, the entire peiitoneal cavity w'as found 
studded with small metastatic nodules The anastomosis betw'een the gallbladder and 
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the jejunum was visualized, and it, too, was the site of numerous metastatic nodules 
partially occluding the stoma Microscopic section of the small nodule removed at 
operation showed recurrent carcinoma 

Discussion — Dr Allen O Whipple (New York) My chief objection to this 
modification is that the common duct is tied off, and the gallbladder is anastomosed to 
the jejunum distal to the gastro-enterostomy This means that the chances are more 
than even that the ligature will cut through the common duct, with a resultant biliary 
fistula — usually a fatal complication 
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A NEW CONCEPT HEGAEDING THE ORIGIN OF SO-CALLED 
PRIMARY CARCINOMA OF THE HYPERPLASTIC THYROID’ 

EmL Goetsch, M D 
Brookdyx, N Y 


PROM THP SURGICAL DEPARTMENT OF THE LONG ISLAND COLLEGE HOSPITAL, AND THF 
SlOAL l!vStORA of the LONG ISLAND COLI EGE OF MFDICINE, BROOKLAN. N A 


Thc strikingly rari: occurrcnci: of carcinoma in cliftuse toxic goitei 
a‘' compared with its lelativel} fieqnent occuiiencc in pieexistmg adenomatous 
goiter excites speculation as to the leason foi this wide diffeience iii the 
incidence of mahgna^c^ in these two t\peb ot goitei One mat leadiK belie\e 
theie IS a peculiai leason toi the laie discoici} of mahgnanc}' in exophthalmic 
oi diftuse hypei plastic goitei, paiticulail> in view' of the abundant oppoi- 
tiinities for pathologic examinations of tissues obtained b\ lesection opera- 
tions on large numbers of hypei plastic thyioid glands It appears, at once, 
that adenomatous goitei is the outstanding culpnt in the origin of caicmoma 
by virtue of its predisposition to malignant degeneiation and that the rela- 
tively lare coexistence of true adenoma and hjpei plastic goitei may, therefoie, 
well be the principal reason foi the infiecpieut occuirence of caicmoma in 
exophthalmic oi hyperplastic goitei \ secondary consideiation is the 
question whether carcinoma in lealit} evei occuis as a pnmaiy lesion m 
diffuse paiench3matous hypei plasia of the thyioid gland 

In pievious reports on malignancy of the Ih^ioid it is repeatedly stated, 
that carcinoma has not been encounteied in the hyperplastic gland of exoph- 
thalmic goiter Thus, Wilson^ found no instance of mahgnanc} in the hypei - 
plastic gland in a series of 290 patients with malignant tumors of the thyroid 
observed at the Mayo Clinic Obseivations on 55 cases of malignancy of thc 
thyroid b} Simpson- accorded w'lth Wilson’s findings How^ever, in moie 
recent w'ntings w^e find the occasional report of a malignant tumoi aiising m the 
hypei plastic gland of exophthalmic goitei, as in the one instance of malignant 
neoplasm occuiring in a senes of go epithelial malignant neoplasms repoited 
by Coller C W Mayo** stated, on the basis of a study of 737 cases of malig- 
nancy of the thyroid, occuiiing at the Mayo Clinic, that more than thiee 
per cent of the cases of adenomatous goitei, m wdnch opeiation was pei- 
formed, w^ere malignant , and that appi oximately 50 pei cent of malignant 
grow'ths of the thyroid w^ere w’lthin adenomata In a subsequent lepoit 
of 774 instances of malignancy of the thyroid observed in this same Clinic, 
Pemberton" stated, m agi cement with most winters on the subject, that the 
presence of a preexisting benign adenoma is the most important knowm eti- 
ologic factoi in the development of thyioid carcinoma The association of 
malignancy and exophthalmic goitei was encountered in ten patients m his 
senes , in four the malignant lesio n was confined to an adenoma, and 111 six 

=*- An abstract of this report was presented at the meeting of the American Associa- 
tion for the Stud}' of Goiter, Rochester, Minn, April is, 1940 
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It developed within the gland itself Thus, it appeared that in only six 
instances in the series of 774 malignancies, the malignant lesion occurred 111 
the hyperplastic gland itself According to previous writers the incidence 
of malignant tumor arising in preexisting benign adenomata varies between 
80 and 95 per cent In a personal communication, Pemberton stated that the 
percentage of malignant tumor that arose from preexisting benign adenomata, 
in his experience, was 87 per cent, calculated on a combined pathologic and 
clinical basis, but that this figure was subject to errors of interpretation 
Welti and Huguenin® stated that m 88 patients with malignancy of the 
thyroid, 38 had noticed a preexisting goiter for more than eight yeais, 
and that in the 50 malignancies occurring without preexisting goiter the 
evolution of the tumors may have taken several years and may have been 
caicinoina from the beginning They stated, further, that carcinoma rareh, 
if ever, develops m the hyperplastic thyroid of exophthalmic goiter 

Malignancy of the thj^roid was found m 52 patients operated upon at 
the Long Island College Hospital during the ten-year period from 1930 to 
1939, inclusive There were seven instances m which the malignancy occuired 
m the hyperplastic exophthalmic gland In four of these mahgnanc}'^ appeared 
to be primary, at any rate, there was no discernible preexisting adenoma, 
while in the remaining three the carcinoma definitely had its origin in a 
coexisting adenoma In 37 instances the carcinoma arose in adenomatous 
goiters which were recognized clinically and by pathologic examination 
The suspicion that carcinoma occurring in exophthalmic goiter may 
have had its origin in an incidental, minute fetal adenoma occurred to the 
writer ten years ago following the discovery of a small, white, stellate, 
fibrous nodule, five millimeters m diameter, which occurred in the resected 
gland from a patient with exophthalmic goiter, and which, upon microscopic 
examination, proved to be adenocarcinoma It was, furthermore, noted that 
the epithelial cells m several areas within the nodule appeared to be of the 
embryonic or so-called fetal type It was thought that these cells may well 
have had their origin in a minute fetal adenoma the identity and recognition 
of which had been effaced by the multiplication and diffusion of the mahgpiant 
cells At any rate, a true encapsulated adenoma was not clearly discernible 
During the past ten or twelve years we have been on the lookout for similar 
lesions in the hyperplastic thyroid gland with the hope that we might be 
successful in demonstrating that the incipient carcinomata in these instances 
as a matter of fact, had their origin in true minute fetal adenomata A 
minute carcinomatous lesion, definite or strongly suspected, was found in each 
of nine instances of hyperplastic (exophthalmic) goiter In three of these 
we were fortunate enough to discover upon microscopic examination a minute, 
well-defined and encapsulated adenoma enclosed within the small fibrous 
nodule, and showing what appeared to be unquestioned carcinomatous de- 
geneiation Practically all the histologic criteria of malignancy, including 
even the invasion of blood or lymph vessels, were revealed in the sections 
The findings in the fourth nodule strongly supported the diagnosis of mahg- 
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nancy In three further instancei) the nodules showed scirihous caicinoma in 
uhich, however, no evidences of a preexisting adenoma were found In 
another nodule papillary adenocarcinoma was strongly suspected In the 
ninth case the origin of an adenocarcinoma in a preexisting adenoma %\as 
suspected because of the appearance of the cells enclosed within the lesion 
These uere defimtel} of the embryonic so-called 'Tetal” type Finally, passing 
mention may be made of iincjuestioned adenocarcinoma arising in a minute 
adenoma occurring in an otherwise normal gland Naturally, a considerable 
number of lesions proved to be of simple benign natuie, and resembled tho:.e 
to which Graham® has diawn attention 

The material foiming the basis for the present study consisted of blocks 
of tissue cut from the resected specimens of hyperplastic (exophthalmic) 
goiter in such a manner as to incorpoiate in their centers the minute whitish 
nodules suspected of malignanc} and pieviously desciibed in the introduction 
Tissues were fixed in formalin and Zenkei’s solutions and sections piepared, 
in serial manner, at frequent levels in order to be repi esentatn e of the 
detailed histopathology in all paits of the lesion Sections w^ere stained 
with hematoxylin and eosm for general histology and, aftei the Pappenheimei 
methyl-green pjionine method, described by Mallory,^ foi the demonsti.i- 
tion of plasma cells 

It IS our purpose to repoit m detail the gross and microscopic findings 
m tw'O cases of exophthalmic goiter m each of which a minute carcinomatous 
lesion, measuring o 5 cm m greatest diameter, was found to enclose a circum- 
scribed and encapsulated adenoma, which had undeigone malignant degenera- 
tion and which was shown to be the point of oiigin of the malignant lesion 
These findings togethei with those obserxed m seven fiiither, proved or 
suspected, instances of minute incipient carcinomata occuirmg in the bypei- 
plastic thyroid will be considered in the discussion and summary In one 
of these seven cases, the origin m adenoma was demonstiated, and in thiee 
such origin was strongl} suspected It is hoped that these findings wull aid 
in establishing the fact that pnmai) carcinoma rarely, if ever, occuis in the 
hyperplastic thjroid gland and that when caicmoma does occui its origin 
in a minute adenoma has been obscured b\ the overgi ow th of the lesion The 
findings are intended, further, to establish the classification of piimarv 01 
secondaix tarcinoma in hyperplastic goitei 




Case I D J, female, age 24, was first seen Januarj 5, 1937, at winch time she 
complained of symptoms of hj perthyroidism of four months’ duration Upon examina- 
tion she showed exophthalmos and a diffuse moderate fullness of the thyroid gland 
w 1C e\hi ited thrills and bruits at the poles Cardiac action w^as accentuated and 
the p^se w'as 146 The basal metabolic rate w'as +74 per cent, and after preparatory 
treatment of the patient with Lugol’s solution it had declined to -I-24 6 per cent above the 

hjXSyrmton ative diagnosis was exophthalmic goiter with marked 

O^eiafioji— Double lobectomy was performed on January 18, 1937 
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Pathologic Eiominatwii —Gi oss The resected thyroid gland had the usual colloid 
appearance of hyperplastic goiter after the administration of iodine Both the gross 
and microscopic appearances confirmed the diagnosis of hyperplastic goiter The resected 
portion of the right lobe nas cut longitudinally, whereupon a small whitish, indurated 
nodule, measuring o s cm in greatest diameter, w’as exposed In the center of the lesion 
there was a minute nodule, which measured 2 mm in diameter, and which was sur- 
rounded by a narrow zone of fibrous reaction Tentatively, this whitish lesion was con- 
sidered to be carcinomatous block of gland comprising the lesion and a generous 
area of surrounding thyroid was cut from the specimen and prepared for sectioning 

Sections were cut in serial fashion at fiequent intervals beginning with the most 
superficial portion of the lesion The findings in four sections at different levels (Fig 
I, A, B C, D) are reported 

Microscopic Desciiptiaii—Low Poivct Section A (Fig i) represented a section 
through the superficial portion of the lesion In the center of the section was a discrete, 
rounded, w'ell-defined and encapsulated nodule, which measured approximately i mm in 
diameter This nodule W'as composed of densely blue-staining, tortuous cords of cells w'lth 
dark staining nuclei and without definite acinous stiuctuie No colloid w'as visible In 
one zone, comprising approximately one-third of the nodule, there w'ere irregular clear 
areas composed of hyalinized connective tissue m which remnants of acinar epithelium 
w'ere seen In another area numerous small masses of blue-stainmg calcium granules 
were noted Immediately surrounding the nodule there was a w'lde zone of compressed 
lobular gland composed of minute acini containing droplets of colloid Further peri- 
pherally there was a large area of dense hj aline pink-staining fibrous tissue, in the 
meshes of w'hich there were cellular accumulations Radiating strands of connective 
tissue arising from this hyalinized area were seen penetrating the surrounding normal 
appearing gland There was a gradual transition from the irregular, diffuseh cellular 
areas to the surrounding normal appearing gland 

High Pozuci The interior of the central nodule was composed largelj of wavv, 
papillary columns of compact lining cells containing large, deeplj -staining nuclei There 
was no tendency to the formation of normal acini The low columnar cells lining the 
cords were often arranged in reduplicated layers The nuclei of these cells w'ere 
mostly large, rounded, oval and 11 regularl}’- shaped, with the long axes perpendicular 10 
the basement membrane Thev were liyperchi omatic, deeply-staining and manj of the 
smaller ones w'ere denselv pyknotic The stroma between these cords was scant Between 
the cords infiltrated cells of various types including h'mphoc3des, pob^morphonuclear 
epithelioid and a few plasma cells were seen In addition to the rather definite papillary 
cords there w^ere also large groups of w^ell-defined cells with huge hj^perchromatic nuclei 

Adjoining the area of papillaiv cord formation was another area of numerous closelv 
aggregated cells wnth large, rathei pale nuclei and wnth a scant vacuolated protoplasm 
These cells gave the impression that thej were undergoing degeneration There was no 
definite structural an angement Scattered through this area, furthermore, w ere numerous 
masses of calcium granules A third area within the nodule was composed largel} of 
hyalinized connectwe tissue containing few nuclei and remnants of more or less well- 
defined acinar lining cells, many of which were atrophied and degenerating Here, also, 
several masses of calcium granules were seen No colloid was apparent anywhere 
in the nodule 

The thin capsule of the nodule was composed of broad concentric bands of hyalinized 
fibrous tissue in which there were relatively few nuclei of various sizes and shapes 
Immediately outside of and adjoining the capsule there was a relatively large zone of 
anastomosing bands of connective tissue, m the spaces of wdiich there were small 
compressed thyroid acini which appeared atrophic and practically without colloid In 
addition, in these spaces there were masses of cells of every description Some cells 
had huge, pale-staming rounded nuclei, while others contained nuclei irregular in shape, 

846 




Fig 1 — Case i Photomiciographs (x ja) of foin leoreseiitatne sectionsi at different levels 
m a small scirrhus carcinoma occurring in exophthalinic goiter Note in the center of the 
lesion a minute adenoma, the site of the primarj papilHrj adenocarcinoma uhich had per- 
forated the capsule of the adenoma 

A Superficial section of the encapsulated adenoma ind the surrounding scirrhus carcinoma 
B Section at a deeper level showing perforation of the capsule by the papillaiy neoplasm 
which IS extending beyond the confines of the adenoma 

C The section at this level shows a large defect in the caosule and the hj alinued fibrosis 
oppo^ng the extension of the malignant growth 

D Section showing the wide area of scirrhus carcinoma and in its center the papillary 
pnraar> neoplasm still confined to the adenoma 


847 







EMIL GOEISCH 


Annali of burger} 
I^orembcr 19 4 3 


densely stained and often pyknotic and shriveled in appearance These cellular masses 
showed no definite glandular structure and loosely aggregated cells were often seen 
filling what appeared to be lymphatic and vascular spaces Numerous l>mphocvtes m 
small aggegations, large numbers of plasma cells and occasionally polymorphonuclear 
cells were seen Finally, peripheral to this aiea of fibrous reaction there was a wide 
zone of dense cellular infiltration without definite architecture and composed of large 
cells with hyperchromatic, oval, irregular nuclei, some of which showed chromatin 
figures Surrounding groups of these large irregular cells, lymphocytes and plasma cells 
in large numbers were recognized By gradual transition tins infiltrated cellular zone 
finally assumed the appearance of the contiguous normal c\ophthalmic gland 

A second section (Fig i, B), which illustrated the appearances at a deeper levul 
in the lesion, showed the following histologic findings 

Lotv Poivct The central nodule presented appearances in manj respects similar 
to those just described for Section A The striking finding, however, w'as the opening 
in the capsule through which a dense stalk of tissue, composed of cellular epithelial 
cords, was seen extruding itself and invading the surrounding tissue w'hich showed an 
extreme hvalme fibrosis In general the findings in the zone of reaction in the gland 
surrounding the nodule were much the same as those described for Section A 

High Power A large opening in the capsule of the nodule was seen through ivhich 
protruded a thick column composed of cellular epithelial cords Betw'een the cords 
could be seen a small amount of stroma contaiiiiiig numerous Ijmphoid, plasma and 
epithelioid cells The cords w^ere lined by low' columnar cells, the nuclei of w'hich 
varied greatly in size and shape Some were huge, some small and oval in shape, while 
others were distorted and pyknotic Colloid-containmg acini were not apparent CloseU 
adjacent to the lesion these cords became separated into ill-defined islands of epithelial 
cells by the penetration of strands of hyalinized fibrous tissue m the spaces of w'hich 
masses of large, hyperchromatic nuclei of cells w'lthout any definite arrangement were 
seen Surrounding the nodule there w'as a w'ide zone of small ill-defined thyroid acini 
practically devoid of colloid Numerous Ijmphocjtcs and plasma cells were seen 
between the acini Apposing the point of perforation of the nodule there was a 
large area of hyalinized fibrous tissue in the spaces of w'hich were seen irregular masses 
of cells consisting of large epithelial cells with huge Iivperchromatic nuclei, Ij mphocj'tes 
and numerous plasma cells From this hyalinized fibrous zone strands of connective 
tissue radiated outwards into the moie normal appearing thjroid parenchjma 

A third section, representative of appearances at a still deeper le\el in the nodule 
(Fig I, C), revealed the following findings 

Loiv Power The nodule at this deeper level w'as still well-defined and encapsulated 
but larger and more oval than in the previous sections In general, it had the appearance 
described for the previous section (Fig i, B) It w'as composed of w'avy, cellular 
cords, many of which were arranged in approximately parallel row'S There w'as a 
zone of dense hyaline connective tissue reaction around the cellulai tissue extruded througli 
the rent in the capsule From this dense zone of fibiosis, radiating strands of con- 
nective tissue penetrated the surrounding more normal appearing gland Large cellulai 
aggregations w'lthout definite structure w'cre seen between these radiating strands 
of connective tissue 

High Power The capsule of the nodule was w'ell-defined and made up of concen- 
tric layers of hyalin connective tissue containing moderate numbers of flattened nuclei 
The nodule was composed of several large, in egular acini, many small acini and numerous 
parallel cords of epithelial cells The lumina of the largest acini contained a granular 
pale-staining colloid in which could be seen numbers of fibroblasts, some free epithelial 
cells and a few' lymphocjtes In some areas the colloid seemed to have undergone 
organization, as definite pink-staming fibrous tissue w'as recognized The acini and cords 
throughout w’ere lined by low' columnar cells with o\al nuclei w'hich w'cre closeh 
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assembled, deeply-staining and rich in chromatin In some areas the lining cells were 
reduplicated A minimum amount of stroma was seen Here and there small masses 
of calcium were noted The nodule was surrounded, except at the point of perforation, 
by a zone of densely packed small acini, between which one could recognize groups of 
lymphoid cells, plasma cells and occasional polymorphonuclear leukocytes In some areas 
acinar formation was ill-defined The findings in the zone of reaction adjacent to the 
point of perforation of the nodule were not unlike those described for the previous two 
sections (Sections A and B), except that the cellular infiltration was even more 
irregular and diffuse and was demarcated into islands by strands of hyalin connected 
tissue (Fig 2) The epithelial cells aggregated in these islands were of every con- 
ceivable size, shape and general character Man> huge pale-staining nuclei containing 
granular chromatin were seen, while the nuclei in other instances were shrunken, shriveled 
and pyknotic Definite mitotic figures were present (Fig 3) Intermingled w'nh 



Fig 4 — Case i Photomicrograph (x 300) illustrating 
the appearance of the cellular conglomerates in the meshes 
of the fibrous tissue reaction about the adenoma Large 
numbers of epithelial cells rvith lijperchromatic nuclei 
and of varving si/e and shape together uith hmphocrtes 
polvmorphonucleai and plasnn cells were noted 

these epithelial cells, groups of lymphocytes, plasma cells and occasionally polvmoi- 
phonuclear cells were seen The strands of htalm connective tissue radiated outwards 
and penetrated the adjacent relatively normal appearing gland Between these strands 
of connective tissue there were dense cellular accumulations consisting of large epithelial 
cells with large irregular nuclei, lymphocytes and plasma cells Here, again, occasional 
mitotic figures w'ere seen 

A fourth section (Fig i, D) show-ed, deeper in the lesion, appearances as follows 
Low Pozvei At this deeper level the microscopic section indicated that /the nodule 
was larger and less \vell encapsulated than in the more superficial sections previously 
described About one-half of the circumference was in immediate contact with a large 
hyahnized zone of fibrous tissue while in other respects the findings were similar to 
those in the previous sections already described 

High Powei A more decided branching of the cellular cords w^as noted The 
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stroma between the cords had a myxomatous appearance and contained elongated 
spindle-shaped fibrillar cells and numerous small congested capillaries In other areas 
the stroma between the cords of cells contained an abundance of plasma cells and 
hmphocytes Polymorphonuclear cells were infrequent There was an intense hyalin 
connective tissue reaction around the nodule The meshes of this tissue contained 
groups of conglomerate epithelial cells without definite arrangement and with 
hyperchromatic nuclei of varying size and shape (Fig 4) Between the larger cells 
there was an infiltration of plasma cells, bmphocytes and polymorphonucleai cells 
Some of these spaces, gumg the impression of lascular or lymphatic spaces, were 
crowded with large epithelial cells Small masses of chromatin granules were recog- 
nized suggesting karyorrhexis A wide zone of cellular infiltration extended from the 
nodule into the surrounding more normal appearing gland 

Pathologic Diagnosis Small scirrhus carcinoma occurring m exophthalmic goiter 
and secondary to papillarj carcinoma originating in a minute adenoma, the capsule 
of which had been perforated h} the malignant neoplasm 


Comment — The caicinomatous 


lesion in this case might readih be 
considered primar}' m hyperplastic 
goiter had it not been for tlie discov- 
ery of a minute encapsulated adenoma 
in the center of the growth The 
malignant degeneration of the ade- 
noma had mvohed and peifoiated the 
capsule and begun to invade the su.- 
rounding thyroid parench} ma In the 
further overgrowth of the lesion the 
true origin in adenoma w'ould have 
been obscuted and the diagnosis of 
“primary carcinoma not aiismg m 
adenoma” w'ould have been a natural 
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Fig 5- — Cise 2 Photognph of the resected 
left tiij roid lobe in i case of exophthalmic 
goiter Note the iihite nodule, o 5 cm in 
diameter, \iluch proved to be i tipical scirrhus 
carcinoma In the center of thib lesion a mimitt 
adenoma, i mm lU diameter, seas found to be 
the site of t papillarj adcnocarcinom 1, which 
thus proved to be the pnniarj lesion 


'Case 2 — G M , male, age 40, w'as 
first seen March 8, 1938, w'ben he com- 
plained of symptoms of hyperthyroidism of 
SIX w'eeks’ duration His outstanding com- 
plaint was fatigue ' A unilateral exophthal- 
mos, tremor, and evidences of marked loss 
of weight w'ere noted The thyroid gland 
was moderately enlarged and showed mildly 

positive vascular signs at the poles The pulse was 96, and the basal metabolic rate 
a ter the period of preparation with iodine, was 20 per cent above the average normal 
he preoperative diagnosis w^as exophthalmic goiter with moderate hyperthyroidism 
Operation ^Double lobectomy was performed March 23, 1938 
Pathologic Examnatton —Gloss The resected thyroid gland gave the appearance 
increased colloid content characteristic of the hyperplastic thyroid gland after the 
X. preoperative diagnosis of hyperplastic goiter was verified 

1 preparations Section through the left lobe near its 

Th^ , ^ djsclosed a small, firm, whitish lesion, about 0 5 cm in diameter (Fig 5) 

tissue weTr t presented a stippled appearance, and minute strands of fibrous 

en radiating m stellate fashion outward from the lesion The gross ap- 
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Fig 6 — Case 2 Photomicrographs (x 12) of sections of scirrhus 
carcinoma occurring in exophthalmic goiter and secondary to a primary 
malignancy of a minute adenoma 

A Section through the center of the adenoma and the surrounding 
scirrhus carcinoma showing, on the right, perforation of the capsule and 
the adjoining area of papillary carcinoma while to the left an area of 
scirrhus carcinoma borders on the nodule Ivote the cential neciosis in the 
adenoma and the subcapsular darker zone of calcium deposit 

B Section at a deeper level 

C Section through the very periphery of the nodule, the capsule of 
which IS still recognizable as a central area of fibrous tissue Note the 
large area of papillary carcinoma which had oyergrown the primary 
nodule 
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oearance suggested the possibilit} of mahgnaiuj A block of gland including Ae whitish 
nodule \\as cut from the specimen :\ftcroscoi)ic sections, cut in serial fashion, were 
then prepared in the usual maniiei Three representative sections from different depths 
in the lesion and beginning at appioximately its middle were chosen for detailed report 

of the microscopic findings , , ,, * 

Miaoscopic DcscutUon-Lox.< Pou-ci Section A (Fig 6 ) through the center of 

the lesion, showed a rounded, encapsulated nodule, shgiitly over i mm in diametei, 
which was embedded in a zone of dense hyahmzcd fibrous tissue The interior of the 
nodule was composed laigeh of a lighth pink-staining, degenerated, setnihomogeneous 
tissue in which the outlines of large and small acini uere visible as empty-appearing 
spaces, the lining walls of which showed occasional small atrophic nuclei These spaces 



Fig 7 — Case z Photomicrognph (x8s) of a section incliid 
tiig the margin of the adenoma (Fig 6, A) with its capsule and 
the adjacent extracapsular area of papillarj carcinoma Note the 
papillarj cords of low columnar cells in poorlj defined acinous 
formation and, on the left, the necrosis within the adenoma 

doubtless represented the lumina of former acini Surrounding this area of degeneration 
and immediately under the capsule of the nodule there w^as another well-defined zone 
of pink-staining ground substance in w'hich w^ere seen deeply blue-stainmg granular 
deposits of calcium The nodule w'as enclosed in a well-defined capsule of hyalimzed 
fibrous tissue and at one pole the capsule w'as extremely thin and gave the appearance 
of having been perforated Adjacent to this point of apparent perforation there was 
a uide area of large and small anastomosing bands or septa of hj'ahnized connective 
tissue enclosing acini wFich w^ere irregular m size and w'hich show^ed numerous papillarj 
infoldmgs of the lining cells At the opposite pole the adenoma was partially sur- 
1 ounded by a dense zone of homogeneous hyalmized fibrous tissue, m the small lacunae 
0 which accumulations of cells without particular arrangement were seen 
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Hiyh PoiUL’i 111 the high powei magnification, the adenoma showed a relati\el> 
large central area of degenerated, lightly pink-stained ground substance in which ir- 
regular empty spaces of varying size were seen The lining walls of these spaces showed 
an occasional atrophic nucleus, and gave the definite impression of being the remnants 
of former thyroid acini Normally staining thyroid tissue was not found within the 
nodule Immediately under the capsule of the adenoma there was a fairly ivide zone 
composed of fine hyalinized fibrils, m the meshes of which an abundance of blue- 
stained granules of calcium were seen The thick capsule was composed of concentric 
layers of dense hyalin connective tissue containing onlv occasional atrophic appearing 
nuclei Adjacent to the nodule at the point of thinning and evident perforation of the 
capsule, there was a large irregular area of anastomosing bands of hvalin fibrous 



Tig 8 — Case 2 Photomicrograph (x 300) of the papil 
Kr5 carcinomatous area adjacent to the adenoma (I ig 6, A) 
ind illustrated m Figure 7 Note the variation in shape and 
size of the h\perchromatic nuclei and the complete lack of 
glandular architecture The protoplasm of the cells is scant in 
amount and irregular masses of chromatin are seen in the 
nuclei 

tissue enclosing irregular small and large acini many of which showed papillary projections 
of the lining walls (Fig 7) The lining cells were low columnar or cuboidal, their 
protoplasm was granular and contained nuclei some of which were large and palelv- 
stained while others were small, shrunken, irregular m shape and deeply stained 
Occasional reduplication was seen Some of the acini contained a thin granular colloid 
which was crenated, or vacuolated, while others contained a miiiiinal amount of 
granular colloid and a few desquamated cells In some of the smaller connective tissue 
spaces groups of large cells with scant protoplasm and irregularly shaped hyper- 
chromatic nuclei were noted These cells lacked definite arrangement In one rather 
large area there was a great diversity in shape and size of the hyperchromatic nuclei 
and there was complete lack of normal glandular architecture (Fig 8) The proto- 
plasm of the cells was scant and occasional nuclei contained irregular chromatin masses 
but definite mitotic figures were infrequent In one area, between the lesion and the 
adjoining normal gland, there was a focal area of infiltration of lymphocytes, plasma 
cells and a few polymorphonuclear cells From the margin of the lesion, connective 
tissue strands were seen radiating into the adjoining normal hvperplastic gland There 
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was no deal line of demarcation between the evidently malignant lesion and the 
normal gland In many areas at the periphery of the lesion, there were groups of 
cells lying m what appeared to be lymph spaces or veins 

Section B (Fig 6), from a level deeper than m Section A, showed in both the 
low and high power magnifications many of the features already described for Section A 
The adenoma now was more rounded and the capsule was more clearly defined, par- 
ticularly m the zone of perforation previously described Increased calcium deposits 
were noted m the capsule at this point The large central area of necrosis surrounded 
by the zone of calcium deposit was still visible A strikingly wide zone of hyahnized 
fibrous tissue surrounded the nodule Many’ bands of intertwining connective tissue 
enclosed small and large spaces containing gioups of epithelial cells without definite 
structure and small irregularly formed acim In the larger spaces one could see thyroid 
acini of irregular size and shape some with papillarv infoldings of the walls In many 
instances there was a reduplication of the lining cells In one large aiea there was 
an abortive attempt to form acini The nuclei of the epithelial cells weie of every size 
and shape some containing a scant amount of granular chromatin white others were 
definitely rich in chromatin or pyknotic (Figs 7 and 8) In a few instances there 
were lymphoid and plasma cell accumulations about the epithelial cells imbedded m 
the connective tissue ground substance More peripherally, a zone of invasion was 
recognized in which cords and masses of epithelial celts were seen betw'cen connective 
tissue strands whicli radiated outwards into the adjacent normal gland 

Section C (Fig 6), illustrated the findings at a level still deeper than that described 
for each of the tw'o previous sections A mere \estige of the primary adenomatous nodule 
was still recognizable m the central area of calcium deposit enclosed in fibrous tissue 
This section passed tangentially through the \ery periphery of the nodule and, in both 
the low' and high power magnifications, lesembled the appeal ances described foi 
Section B, wnth the e\ception that the spaces enclosed in the broad bands of hyaline 
connective tissue were larger and the contained thyroid tissue was more papillary m 
structure There w'ere large irregular acim filled with colloid while others contained 
granular detritus The cells lining the acim were of the low' cubical type and show'ed 
shrunken cytoplasm The nuclei were strikingly large, irregular in shape, hyper- 
chromatic, often reduplicated and in certain areas there was desquamation of the lining 
cells into the lumina Another rather large space m the hvaline stroma w'as occupied 
by' cells irregularly' grouped with scant protoplasm and containing nuclei varying 
greatly in size and sliape In general, the findings w’ere not unlike those described 
for Section B 

Pathologic Diagnosis Scirrhus and papillary adenocarcinoma, occurring in exoph- 
thalmic goiter and arising in a papillary carcinoma w'hich w'as primary' m a minute 
adenoma Perforation of the capsule of the adenoma by the malignant lesion 

Comment ^The scirrhus and papillary adenocarcinoma occuiimg in this 
case of exophthalmic goiter had its origin m a papillary carcinoma which was 
primary m a minute adenoma The adenoma had mideigone almost complete 
degeneration The malignant growth after perforating the capsule of the 
adenoma had involved the adjacent hyperplastic gland The scinhiis nature 
0 the growth was readily recognized Again, except for the fortuitous 
nding of the adenoma, a diagnosis of carcinoma primary m the hyperplastic 
exophthalmic gland would have been justified A follow-up report, dated 
Ju) 20, 1943, approximately five and one-half years after thvroidectomv 
indicated that the patient was m excellent health 

8S5 



EMIL GOETSCH 


Vnnals of buigen 
Xo\ ember 19 4 3 


DISCUSSION AND SUMMARY 

Nine instances of minute carcinomatous lesions occurring m the diffuse 
h) perplastic thyroid gland have been carefully studied The pathologic find- 
ings revealed that in three instances, two of which are reported in detail, the 
lesions were definitely not primary in the hyperplastic gland They were 
unmistakably secondary to minute fetal adenomata, and presented all the 
histologic criteria of malignancy In several of the remaining cases, the 
lesions, because of the embryonic character of their epithelium, were strongly 
suspected of having originated in adenomata It would appear that car- 
cinoma, even m the relatively rai e instances in which it occurs in the hyper- 
plastic thyroid, originates m a preexisting minute adenoma The question, 
therefore, arises whether carcinoma is ever truly primary m the hyperplastic 
thyroid gland 

There are two commonly stated theories concerning the origin of these 
minute adenomata According to the first, propounded by Wolfler,’’' and 
ni accordance with the Cohnhenn theory of the origin of tumors from con- 
genital “anlagen," the adenoma w'as thought to arise from the round glandulai 
cells w'hich Wolfler described as occurring m irregular groups both in the 
thyroid of the new-born and that of the adult Wolfler believed that they 
must be considered as embryonal glandular cells which have not been utilized 
111 the formation of the normal thyroid follicles and thus became interacinar 
in position He stated, further, that in the highly organized thyroid gland 
with completely developed acmi and high columnar epithelium such interacinons 
cell groups are usually not discernible Thus, he thought it w’as probable that 
in these instances the undifferentiated cell groups are regularly organized 
and converted into noimal glandular acini Accordingly, it would seem 
that the potential of hyperplastic development has exhausted the available 
undifferentiated cells Hence, there are no remaining cell groups capable of 
development into future adenomata This, on theoretic grounds, could explain 
the rare coexistence of adenoma and exophthalmic goiter The second view 
W'as expressed by Graham,^ wdio, by argument and exclusion, came to the 
conclusion that, by dedifferentiation or reversion of the follicular cell, a more 
embryonic type of thyroid epithelial cell from which the adenoma probably 
arises, is formed The influences which w'ould cause the thyroid cell to 
dedifferentiate after its differentiation to the highest functional stage of hyper- 
plastic cell of exophthalmic goiter remain obscure 

I should like to offer the theory that the true adenoma probably has its 
origin in certain cells wdiich occur m the normal and hyperplastic follicle, 
and which are knowm to have the characters of fetal or embryonic cells 
They are not uncommonly found singly or m pairs and are interposed 
betw'een the follicular lining cells of the hyperplastic gland They can be 
clearly differentiated from the remaining cells of the follicle by their dif- 
ferences in size and shape and in the nature of the mitochondria which 
their protoplasm contains They differ m that they have a rich content 
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ot mitochondna \\hich aie lounded, shoit filamentous oi gianulai, and 
lesemble fetal oi embnonic cells, wheieas m the hypei plastic cell ol 
exophthalmic goiter the mitochondria are long filamentous oi spinlhfoi.n 
and fewer m mimbei Tnasmiich as these folhculai “fetal’ cells ate snnilai 
in appearance to the cells of the fulK developed fetal adenoma they may 
leadily be the ancestial cells of this tumoi According to this view, it is 
unnecessai} to piesuppose the dedifiterentiation of the highly developed 
follicular cell It seems plausible that the follicular “fetal” cells might well 
piedispose to development of caicmoma either primaiil} or through the 
intei mediate stage of a benign adenoma 

Tlie exciting stimulus foi the initial development of cancel eithei bv 
dedifleientiation of hjperplastic folhculai cells or fiom the fetal-type fol- 
licular cell IS, of course, totall) obscure One w^onders w^hether carcinoma 
eier oiiginates in the Inperplastic cell From the results of studies here 
K ported, it would seem that the hypei plastic cell is probably raiely if ever 
subject to true malignant degeneration The undifferentiated fetal cell in 
contrast to the moie highlj differentiated hyperplastic cell w^ould seem 
c^efiniteh less remo\ed fiom a pi edisposition to malignancy 

It IS a common obseivation that the coexistence of true adenoma and 
the Inperplastic gland of exophthalmic goitei is strikingly rare This fact 
doubtless accounts foi the extremely low incidence of carcinoma m exoph- 
thalmic goiter It may w'ell be that even m the few*- reported cases of 
malignancy in hyperplastic goiter the malignant neoplasm may w'ell have had 
Its origin m a minute adenoma In lecognized clinical carcinoma involving 
exophthalmic goiter, it wmuld be impossible to demonstrate the adenomatous 
origin of the neoplasm because the original adenoma w'ould long have been 
obscured b) the overgrowth by the malignant piocess Accordingly, cai- 
cinoma arising in a minute adenoma might readily be erroneously considered 
as primary in the hypei plastic gland In view of the difficulty in determining 
the primary tissue, one can never be quite coirect in classifying certain 
specific instances of carcinoma of the thyioid as “adenocarcinoma not arising 
in adenoma ’’ 

The adenoma is essentially an aboitive attempt to foim normally dit- 
ferentiated tissue In failing to accomplish this its cells tend to remain 
fetal m type and the adenoma continues as a precanceious lesion and as an 
intermediate stage between the original tetal cells and eventual malignant 
degeneration The adenoma may grow to a considerable size as a benign 
tumor and later become malignant, or, as these studies reveal, it may be 
malignant fiom its earliest peiiod when viitually submicroscopic in size 

Incidentally, the piesent study illustiates the futility of supposing that 
a truly eaily diagnosis of carcinoma could be made, because there is 
evidence that these piedisposmg lesions wdiich are so small as to be 
easily overlooked in routine examinations of the excised gland, m reality 
I’lobabh have existed for a long time This idea is borne out by the dense 
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fihiosis and even paitial calcification seen in a number of the lesions studied 
It IS interesting to speculate what might have been the outcome had the 
patients with these lesions described not been operated upon It would 
seem that theie are many mstantes m which eventual carcinoma arising 
111 a minute adenoma is prevented by the commonly practiced surgical 
lesections 


CONCLUSIONS 

(1) Evidence is submitted indicating that carcinoma apparently priman 
m (exophthalmic) hyperplastic goiter is, in fact, secondaiy to malignant 
degeneration of an intermediate preexisting minute adenoma It is probable 
that carcinoma is raiely. if ever, truly primary in the hyperplastic thyroid gland 

(2) Nine instances of incipient carcinomatous lesions occurring in the 
diftuse hyperplastic thyroid were studied Pathologic findings revealed 
that in three of these cases, two of which are leported in detail, the caicmom- 
atous nodule showed a central minute cancerous adenoma In several of 
the remaining cases, the origin of the malignant lesions in preexisting minute 
adenomata was strongly suspected 

(3) The concept of primary carcinoma occurring in the hyperplastic 
thyroid is not based on firm premises and is likely incorrect 
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II — CRITERIA OF OPERABILITY 

C D Haagensen, M D , and A P Stout, M D 

Nfa% York, N Y 

FROM THr DLPARTMENT OF SURGER\ OF THE PRESBYTERIAN HOSPITAI , AND THE 
I VBORATORY OF SURGICAL PATHOLOGY, COLmiBIA UNIVERSITY, NEW YORK, N Y 

Wi. HAM' Ki'cnNiLY PRESUN 1 ED^ 111 detail the lesults of treatment m a 
senes of 1040 cases of caicmoma of the female hreast seen at the Piesbytenan 
Hospital in New York during the period 1915 to 1934 (inclusive) 

111 the comse of studying this senes of cases w'e w^ere impiessed w 4 'i 
the f requeue} witli which ladical mastectomy had been peifoimed upon fai 
advanced cases, cases which w^e oui selves today would classify as inopeiable 
Several of the suigeons who perfoimed many of the operations 111 the senes 
held to the theory that jiatients should be given then chance of cuie In 
operation, even though it might be exceedingly small The piactical appli- 
cation of this theoi) led them to attempt to lemove veiy extensile lesions 
This fact makes the series of cases particularly instinctive to study from 
the point of view of determining just w'hich of the various clinical signs of 
locally advanced caicmoma of the breast aie tiuly indicative of incurability, 
or to speak more coriectly, of inopei ability, foi operation is the only method 
b) wdnch w'e can cure bieast caicmoma 

In this, as well as in othei clinics, theie is strong evidence that the im- 
piovement in the results of radical mastectomy wdneh has occurred dining 
lecent years is due to a laige extent to the nairownng of the limits of opera- 
bility We aie gradually learning that certain types of cases can not be 
cured even b} the most radical operation But this pioblem of estimating 
the true extent of breast caicmoma and of accurately classifying the cases 
from the clinical evidence alone is a difficult one We need more detailed 
data based upon careful and complete clinical descriptions of the disease 
picture In studying the Presbyterian Hospital series of cases w^e have made 
a special eftort to provide these data The compaiatively complete case his- 
tones available m this hospital favored this effort, and the good follow^-up 
piovided the necessary information as to end-results of operation The use 
of the punch-card method of analyzing 0111 data has made it possible to de- 
termine the statistical Significance as legards operability of the various clinical 
signs of the extent of the disease, not only individually but in various com- 
binations A large senes of correlations betw'^een clinical signs and end- 
results w^as easily ivoiked out by this method, and m the present communi- 
cation w^e shall present such of these correlations as seem interesting and 
significant Miss Dorothy Kurtz, Supervisor of the Presbyterian Hospital 
Record Room, and an authoiity on the use of the punch-board method m 
medical pioblems, has advised and assisted us m this study 

* Aided by tVie Leggett and Watters Fund for Cancer Research 
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Relciciict U» oui itceiU cumniuniLatiuii dealing with icsult'. ut treatment 
m the Presbyterian Hospital series of cases will show that 640, or 61 5 per cent 
of the total of 1040 patients with breast carcinoma seen in the hospital over 
the period 1915 to 1934 (inclusive), weie treated h} radical mastectomy 
Within the first five \ears follow’ing operation 14^). 01 228 per cent of the^e 
patients developed local lecuiience At the end of this period 231 or 36 i 
pel cent, lemained free of ehnical evidence of caicinoma and were classed 
.IS fn e-yeai clinical eiiies 

In the tollowing pages 21 dilTeicnt faetois aie e\aniined scnatnii wlneh 
ha\e been jnesiimed to he e\idences of inifa\oiahle prognostic significance 
.iiid wlneh were piesent m women tieated h\ i.idic.il inastectonn In each 
instance the five-}eai clinical cine late is eomjiaied with that foi the group 
as a whole It will he shown that in the case of eight difierent factors radical 
operation invanahlv failed to cure a single case These factors we consider 
mandator} contraindications to' radical mastectonn Fne other factors, not 
by themselves categorical contraindications, will he shown to become so when 
more than one of them is present in the same patient Finall} , it will he shown 
that some factors populaily supposed to he of \ei\ giavc imjiort are not ts 
black as the} have been painted Constitutional factors will be considcied 
first, followed by those which m.n he classified .is plnsical signs of the extent 
of the disease 

CONSTITUTION VL TACIOHS VII IXJINC. OPUK VBIU1T\ 

Vt some future date, w'hen we know much more than we now do about 
the lelationship of somatic type to dise.ase, it may be possible to correlate 
a vaiiety of constitutional factors with the outlook in breast cancer Today, 
how^ever, w'e are limited to reporting the eftects ot moi e prosaic factors such 
as age and pregnancy-state upon prognosis 

AGE OF THE PATIENT 

The most obvious of these constitutional factors is the .ige of the patient 
It has long been recognized by oncologists that neoplastic disease in general 
IS apt to be moie malignant when it occurs in young peisons This relation- 
ship has been confirmed in breast cancer by manv obsereeis, and Taylor- 
has emphasized it in a sepaiate communication on the question Some sui- 
geons go so far as to decline to operate upon women undei the age of 30 
who develop breast carcinoma 

In oui series the lesults of radical mastectomy in the diilerent age-groups 
w’eie as shown in Tables I and II 

These data leave no doubt that radical mastectomy is w'orth while, even 
in the youngest patients wuth breast carcinoma, piovided, of course, that 
the lesion itself is not too fai advanced If the three patients undei the 
age of 30 111 our senes wdiose tumoi developed during pregnancy 01 lac- 
tation aie excluded, as indeed they should be for leasons wdiich we shall 
shortlv demonstrate, the five-veai cure rate m the remaining 13 voting 
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Tabu i 

REhULTb Ob R VDIC \L M\STLCTOM\ ACCORDING TO QUINQUENNIAL AGE-GROUPS 

Operative 5- Year Local 5- Year Clinical 

Deaths Recurrence Cures 


Age-Group 

No of 
Operations 

No 

Per Cent 

No 

Per Cent 

No 

Per Cent 

Under 30 

18 

0 


4 

22 2% 

4 

22 2% 

30-34 

32 

0 


S 

25 0% 

10 

31 3S, 

3S-39 

68 

I 

1 

23 

33 8% 

20 

29 4% 

40—44 

121 

3 

2 5% 

28 

23 1% 

46 

38 0% 

45-49 

121 

3 

2 5% 

28 

23 1% 

46 

38 0^ 

50-54 

100 

> 

3 0% 

2) 

21 0% 

n 

4 3 O'-,, 

55-59 

68 

3 

7 4% 

17 

25 0% 

19 

27 9V< 

60-64 

S8 

1 

1 7?^ 

12 

20 7?, 

17 

29 3% 

65-69 

33 

2 

5 7% 

3 

8 

17 

48 6S 

lO -1- 

19 

2 

10 S'', 

2 

10 5^.; 

9 

47 4'', 

Total 

640 

20 

3 IGv 

I 16 

22 8% 

231 

56 U, 


Tabu II 

KLbULTS OF HADILAL VUSIFCTOMV IN 18 WOMEN UVDFK 30 1 EARS OF \GI 


Record 


Origin During 


5-\ ear Local 


No 

Age 

Preg or Lact 

Met istase-. 

Recurrence 

Outcome 

433589 

22 

No 

0 

0 

W'ell fiv e years 

67803 

23 

Pregmncv 

+ 

0 

Died 4 months 

56898 

24 

No 

0 

+ 

Died 25 months 

409m 

25 

No 

+ 

0 

Died 39 months 

224439 

26 

Lactation 

+ 

-1- 

Died 9 months 

42141 

27 

No 

Not proved 

Not known Living, with metastasis 9 veirs 

361S04 

28 

No 

0 

0 

Died 27 months 

15883 

28 

No 

+ 

0 

Died 59 months 

34743 

28 

No 

+ 

0 

Died 29 months 

384644 

29 

No 

-1- 

0 

Died 9 months 

408290 

29 

No 

0 

+ 

Recurrence 59 months Diud 83 month" 

378962 

29 

No 

+ 

0 

W'ell 6 years 

347901 

29 

No 

-f 

0 

Died 52 months 

288630 

29 

No 


0 

Died 22 months 

257685 

29 

Lactation 

+ 

0 

Metastasis sacrum 59 months Died 111 months 

230452 

29 

No 

+ 

0 

W'ell unt'l local recur and met 8 yrs Died 10 yrs 

67958 

29 

No 

0 

0 

W'ell 10 years 

50052 

29 

No 

+ 

-t- 

Died 18 months 


patients rises to 375 pei cent a figure quite comparable with the cure late 
for our senes of cases as a whole 

Indeed, when the patients 111 oui senes aie giouped according to age 
into broader categoiies there is suiprisingly little diifeience in the lesults 
of opeiation m the difteient groups Table III bungs this fact out 


Age-Group 
Under 4S 
4S-S9 
50 or ov er 

Total 


Table III 

RESULTS OF RADICAL MASTECTOM1 IN THREE \GE-GROUPS 


Operative S-Year Local S-Year Clinical 

Deaths Recurrence Cures 


No of 
Operation'? 

No 

Per Cent 

No '*'1^ Per Cent 

— -i — 

No 

Per Cent 

239 

4 

1 7% 

63 26 4% 

80 

33 39c 

289 

U 

3 8% 

66 22 8<"c 

108 

37 4% 

112 

5 

4 5% 

IT 15 2?< 

43 

38 4'',. 

640 

20 

3 1% 

146 22 S', 

231 

36 1', 
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Ihe suigeon dealing with breaht carcinoma is also interested in the prob- 
lem presented bj patients of ad\anced age Armed, as w'e are today, wnth 
methods of pi eventing and combating shock, we can perform, successfully, 
extensne surgical procedures upon aged patients upon whom we would not 
have daicd operate pieviousl\ 

In the present scries there were a total ot 45 women, age 70, or over, 
among the 876 primai} cases In 15 of these the caicmoma had progressed 
beyond the opeiable stage when the} were first seen, while 12 were classed 
as constitutionally inoperable because of cardiovascular or other associated 
lesions (seven of these patients not onh had inoperable cancer but were 
also judged constitutionally inoperable) Onh four patients, ages 71, 74, 
7S, and 83, respectnch, were denied ladical mastectoni} on the basis of ad- 
vanced age alone Twent\-one were judged suitable for the operation, but 
two of these refused it \niong the 19 who underwent it the results were 
siirprisingl) good Nine or almost one-half, were alue and well .it the 
end of fi\e }eais, and the a\crage length of sunnal of those who lia\e had 
no lecunence of their cauinoma has. to d.ate, a\er.iged 87 months The most 
notewortln case is that of <i wom.in who had hei radical opeiation at the 
age of 78, and today, at the age of 89 is still hale and heart} 

We are led by this e\idence to conclude that radical mastectoni} is often 
feasible and worth while in patients in their eighth decade who come with 
1)1 east carcinoma Patients in their eighties picsent a more difficult problem 
E\en when then geneial condition is good wc ha\e hesitated to perfoim 
ladical mastectomy I’erhaps we arc too cautious \s our experience with 
surger} on patients in their eighties increases wc may learn that radical 
mastectomy is rcasoiiabl} s.ifc even in tins grouj) During the past }eai, 
how’evei we have instead, chosen to earn out simple mastectoni} undei 
regional block aiiesthesi.i on two ji.iticnts age 89 In the senes of (>40 radical 
mastectomies, winch aie the subject of the piesent report, theic were none 
undertaken upon patients in their ninth decade 

In operating upon these elderly patients it is much more important to 
avoid shock than to treat it well aftei it has developed Shock has a much 
liighei mortality 111 them than in youngei patients It becomes, so to speak, 
irreversible, and death follow's from ceiebral heniorihage 01 cardiac failure 

1'he degree of decrejititude which the patient shows, and paiticularl} 
the conchtion of hei caidunasculai system, aie, of couise, moie important 
than hei age in itself in judging hei ability to withstand radical mastectoni} 
While we have repeatedly peifoimed the opeiation upon patients m then 
seventies, w^hose geneial condition was good, w'e h.ive decided against at- 
tempting It upon some w^omen m their sixties with severe hypertension, for 
instance Among the total of 236 primary cases m which radical mastectomy 
was not performed m the present senes theie were 24 m which the basis 
for withholding the operation w'as the presence of some disease other than 
carcinoma At! of these had cardiovascular lesions of some type One patient, 
m addition, had seveie colitis, another diabetes and a thud In perthyroidism 
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Certainly these two latter diseases do not, today, in themselves, contraindicate 
radical mastectomy We have performed it m a number of patients after 
these disturbances have been brought undei control by appropriate treatment 

Cardiovascular lesions present a more difficult problem We have placed 
a good deal of reliance upon the simple functional test of stair-chmbmg If 
a patient has been able to carry on a certain amount of daily physical activit)^ 
wffiich includes climbing even a single flight of stairs without acute distress 
we have judged her able to withstand radical mastectomy In patients wuih 
hypertension we attempt to choose an anesthetic that neither depresses nor 
elevates the blood piessure unduly Dr Apgar, Director of the Department 
of Anesthesia m the Presbyterian Hospital, prefers nitrous oxide anesthesia 
for such patients, and w^arns against the use of avertin as a basic anesthesia 
for them because of its w^ell knowm tendency to depress the blood pressure 
In passing, it might be noted that avertin-nitrous oxide anesthesia is our 
favorite for these long breast dissections, provided there is no special contra- 
indication to it 

PREGNANCY AND LACTATION 

In view of the great stimulus to grow'th that the breast receives with the 
onset of pregnancy, and its active metabolism during lactation, it is but 
natural that a carcinoma developing during this period should be excep- 
tionally malignant This has, indeed, been the experience of all surgeons who 
have faced the problem Yet there is a diversity of opinion as to the degree 
to which the malignancy of breast carcinoma is increased by pregnancy and 
lactation, and a corresponding lack of agreement as to whether or not preg- 
nancy should be interrupted, and whether radical mastectomy should or should 
not be performed In recent years data regarding this question have been 
presented by Bromeis,^ from the University Surgical Clinic, at Tubingen, 
and by Harrington,^ from the Mayo Clinic Neither of these authors, how- 
ever, tell us how many lasting cures were achieved in their clinics — ^they w^rite 
only of sursnvals 

In the Presbyterian Hospital series of 876 primary cases theie were 29 
in wffiich the breast carcinoma developed during pregnancy or lactation In 
20 of these wmmen radical mastectomy was carried out (Table IV) There 
were no permanent cures One patient remained well until six years after 
operation, when she developed local recurrence and pulmonary metastases, 
and died after another 18 months 

The results look better when expressed 111 terms of five-year survival, as 
Harrington presented them Three, or 15 per cent of our 20 patients, wete 
alive five years after operation, although all three succumbed later Har- 
rington reported the results of operation in a total of 99 women m whom 
breast carcinoma occurred duiing pregnancy or lactation Thirteen of them. 
01 132 pei cent, survived for at least five years Thirty-twm of his patients 
were traced 20 years after operation, and only one was found to have sunived 

Another way of estimating the comparative mahgnanc} of carcinoma of 
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the 1)1 east dcvclopnif^ during ])icgnanc\ oi lactation is in iciins of the fit- 
c|nc!ic\ of avillan inelast.isis In onr senes of 20 cases that were operated 
upon 19. 01 95 pei cent weie found to ha\e a\illar\ nnoKcinent Ihe inci- 
dence of a\illai\ iinoheinent in oni total senes of 640 hic.ist carcinoma 
was on the othei hand 61 7 pci cent In llainngton s senes of 99 cases ot 
breast c.ncinoina developing during pregnancN 01 lact.ition the asillar} nodrs 
were found to be incohed in 848 })tr cent as compared with an iiicideiKe 
of ()i 6 pel cent 111 his senes as a whole 

Tmiii !\ 

( OI Till IIUI AST OI \I loi !S( 01 RIS{ I I ! f S AS( S Ol IMIMIOS 

WO TKI \TI O M KAOIt \I MASII t lO' A 

Timt of XmIIih il of 


C (‘■t No 

NkP 

IpiK iriiRt 

Men t f-c- 

Keoirreiite 

Ml t lit I'l ■> 

I olloie lip 

20616 

17 

6 iiu)'- prcc 

4- 

4- 

Oibi r bn i i 

Died 1 1 mos im toj) 


41 

16iiio>. 1)1 fore prcc 

.i- 

4* 

Horn ' 

Died 25 mos po top 

i'H22 

11 

1 mo') 1 let 

0 

4 

1 UIIK- 

Died 41 mos jvistoii 


11 

1 5 11101 Hrt 

4 

0 

None 

Diff] lend tlicr ipe 

5 mos postop 

67 ^76 

12 

9 iiios 1 ict 

4 

0 

1 nil).' iml boiH" 

Died 15 mo' po'toii 

67 MM 

21 

Hcmniiiiif; of pro. 

4 

0 

Other bn I'l iiid 
bone 

Died 4 mos po'top 

71421 

11 

1 tno pri (. 

4* 

0 

I imci 

Du (18 mos post!)') 

80085 

12 

4 nioi pn K 

4- 

0 

Hone' 

Died 26 mo postop 

81542 

18 

lOmoi het 

4- 

0 

! iser 

Died 5 mos postop 

224410 

26 

5 iiios I ict 

4 

4* 

I iiiiRi mil boiKi 

Died 9 mo' postop 

258421 

14 

10 tiioi ho 

4 

0 

Hoik 1 

Died 1 1 mos po'top 

150471 

16 

2 niO' before prec 

4* 

4 

Hone- 

Died 17 mos po top 

175570 

17 

10 mos befote pric 

4 . 

0 

I lltlRi 

Died 19 mos po top 

407714 

18 

48nios het 

4 

4 

Other brent iml 

hiiiKs 

Died 8 mos iKi'top 

415597 

12 

6 mos hot 

4 

0 

Hones 

Died 4 1 mo' po top 

64106 

18 

1 mo bciore pn c 

4- 

0 

1 miRs 

Local recur iiid met 6 
1 rs postop Died 
e'i jrs postop 

257685 

29 

16 mo' het 

4 

0 

Hones 111(1 oe .tries 

Recur 59 mos po'top 
Died 1 1 1 months 
postop 

57579 

31 

7 mos het 

4" 

0 

Snprtelu node 

Died 12 mo« postop 

73671 

44 

7 mos prof. 

4 

0 

1 IIIIR 

Recurrence 50 mo' 
postop Died 66 ino' 
postop 

212863 

40 

7 mos 1 let 

4- 

0 

I tiiiRs bones and 
Iteer 

Died 33 mos postop 


These seveial types of ecidcnce suggest to us that caicinoma ot the hi east 
developing dunng piegnancy 01 lactation is so malignant that smgen c.in 
not cure it often enough to justify this method of treatment \\ c prefei to 
classify these patients as catcqoinaUv iiwpeiablc and to treat them palli- 
atively wnth radiation 

When pregnancy occurs following the successful removal of carcinoma 
of the breast it has no special unfavorable piognostic significance If the 
carcinoma has been entireh lemoved the giow^th stimulus of inegnanc) has 
no eftect If, on the other hand, a focus of caicinoma cells persists somewheie 
in the patient’s body their lesuigence mar of couise be hastened b} a subse- 
quent piegnancc, but the patient would have been doomed eventualh ainwai 
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so that the ultimate cure late remains unaltered by the incident of pregnaiiL} 
Seven of our 640 patients tieated b} radical mastectomy subsequent!) went 
thiough one or more piegnancies In this small gioup of seven the five-year 
cuie late was 429 per cent, approximate!) the same as m oui patients uho 
did not subsequently become pregnant Hairmgton’s experience was similai 
Subsequent pregnane) occuired m 59 of his patients, and five-yeai survival 
1 ate was 78 2 pei cent in the gi oup 

Influenced b) these facts it has been oui custom not to dein piegnanci 
to patients uho have satisfactonh gone through radical mastectomv and 
appeal to have a favoiable piognosis ; r no axillary metastases or othei u’l- 
fa^orable featuies 

PH^.SK’VL .SIGNS OF EXTENT OF DISEASE WHICH EFFECT OPERABILIT1 

Not all of the many physical signs which bieast caicinoma produces have 
a beaiing upon operability Thus, dimpling of the skin, deviation and re- 
traction of the nipple, and distortion of the outline of the aieola, which are 
among the most common signs of the disease, are important in diagnosis 
but, in themselves, they have no bearing upon the {|uestion of operabilit) . 
which we are here discussing, for the patients with them are ahvays operable 
unless some other physical sign makes it necessaiy to class them as inoperable 

But the significance of certain other ph)sical findings in breast caicinoma 
such as ulceration and edema, is not geneially agreed upon There has been 
a deaith of satisfactor) and detailed data regarding them It is to these 
physical signs of problematic piognostic significance that w^e wall devote oui 
attention 


THE SITE OF CARCINOMA IN THE BREAST 

The site of the tumoi m the bieast is one of these factors w'^hich comes 
first to mind The relationship of the site of the tumor to the results of 
ladical mastectomy in our series of cases is showm in Table V 

Tabie V 

RESULTS or RADICAI MASH CTOMA 
ALLORDING TO THF SITP OF TUI CARCINOMA IS THE HRI ASP 


5-Year Loct! 5-\ car Clinical 

Recurrence Cures 


Site m Breast 

No of 
OperAtioii'. 

Xo 

Per Cent 

No 

Per Cent 

Upper outer quadrant 

277 

51 

18 4 % 

118 

42 69c 

Upper inner quadrant 

78 

17 

21 8 % 

27 

34 67 

Center 

74 

22 

29 79 ( 

24 

32 47 

LoAAer outer quadrant 

51 

8 

IS 77c 

17 

33 37c 

LoAver inner quadrant 

28 

11 

39 37c 

6 

21 47c 

Upper half 

47 

10 

21 37c 

14 

29 87 

LoAAer half 

15 

3 

20 07 

5 

33 37 

Outer half 

35 

15 

42 97 

7 

20 07c 

Inner half 

5 


60 07 

2 

40 07 

Fntire breast 

18 

s 

3? 3', 

2 

15 37 

Not stated 

15 

1 

6 77 

9 

CO 0‘', 

Tital 

640 

146 

22 S* , 

251 

56 17 


865 



HAAGENSEN \ND STOUT 


Amish of Surccrr 
><rcmb<r 1 S J J 


These data confirm the general experience that the upper outer sector 
of the breast is the one most frequently affected by the disease Moreover, 
the best results of operation are obtained with tumors in this same sector 
Perhaps this is because surgeons i\ho perform the standard radical operation, 
and close their wounds, arc able to remove the tumor with a wider margm 
of uninvolvcd surrounding tissues when it is situated in the upper outer 
sector than when it is in any other part of the breast 

There is one situation in which breast carcinoma occasional!} de\eIops 
which IS not listed in our table, nameh. the inframammar} region We are 
toda} familiar with this form of breast carcinoma, but it was not identified 
as a special type of the disease In most of the surgeons who, in cears gone 
In , w rote the descriptions of the cases here reported \\ e are unable, there- 
fore, to present data regarding it 

It IS our impression, however, from the patients with carcinoma m the 
inframammary fold which we have personally obsened, that this form of the 
disease is a particular!} favorable one Patients are apt to detect a tumor 
in this Situation early, because it is not hidden in the depths of surrounding 
fatty breast tissue but stands out in sharp relief along the fold where the 
fascia covering the breast fuses with the fascia co\ering the abdominal wall 
From the standpoint of operabilit}, there is no site in the breast m which 
carcinoma can be deemed be}ond the scope of surgical attack When the 
entire breast is invoh'cd the results are poor, but this question of the sig- 
nificance of the extent of the local disease is better discussed on the basis of 
actual measurements of the tumor It is the next factor which we shall discuss 

THE SIZE or THE BREAST TUMOR 

The importance of making careful measurements, preferabl} in centi- 
meters, of all breast tumors can not be too strongly emphasi/ed Fortunateh, 
such measurements were available in the great majority of our cases The 
correlation betw'een results of r.idical mastectom} and the si 7 e of the tumni 
in our senes is shown in Table VI 

Txble VI 

RESOLTS or RXDICAL MASTrCTOMX ACCORDINC TO THE SIZE OF THE RREVST TUXSOk 
(.Clinical Measurements) 


i \ ear Local 5 Year Clinical 

Recurrence Cures 


Size of Tumor 

N.> of 
Operations 

No 

Per Cent 

No 

Per Cent 

Under 30 mm 

82 

ll 

13 4% 

St 

62 2% 

30 to S9 mm 

2S6 

SO 

19 5% 

no 

13 0% 

60 mm or oxer 

222 

74 

33 3^ 

13 

19 4% 

Size not stated 

80 

11 

13 

27 

3t ■&% 

Total 

640 

146 

22 8% 

231 

36 1% 


These data indicate, as might be expected, that the prognosis becomes 
worse as the size of the tumor increases Local lecurrence is more frequent 
and the five-year clinical cure rate is low'er 
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But large size, alone, is no contraindication to operation Even the largest 
breast carcinomata, if they do not exhibit any unfavorable feature other than 
their large size, can often be cured by surgery Table VII illustrates this 
point In It are shown the results of operation in 19 cases in which the pri- 
mary tumor m the breast measured ten centimeters, or more, m diameter 
Cases which we have classified as categoncally mopemble for several reasons, 
and which we will discuss in detail later on m this report, have not been 
included m this table 


Table VII 

RESULTS OF RADICAL MASTECTOMY 

CASES IN WHICH THE TUMOR MEASURED TEN CENTIMETERS, OR MORE, IN DIAMETER 

iCltmcal Measurements) 

(Calegortcally Inoperable Cases Excluded) 


S-Year Local S-Year Clinical 

Recurrence Cures 


Physical Findings 

No of 
Cases 

No 

_ 

Per Cent 

’ No 

Per Cent 

10 cm , or more, tumor only 

12 

2 

16 7% 

3 

25 0% 

10 cm , or more, tumor with* signs of locally 
advanced disease 

7 

2 

28 6% 

1 

14 3% 

Total 

19 

4 

21 1% 

4 

21 1% 


The size of the breast tumor bears a general relationship to its duration, 
or rather to the duration w'hich the patient alleges This relationship is 
shown m Table VIII In this table the measurements used are those made 
by the pathologist after the specimen has been cut It is noteworthy that 
some tumors remain small even after they have been present for a long time 


Table VIII 

RELATIONSHIP OF THE SIZE OF THE TUMOR (PATHOLOGIC MEASUREMENTS) TO ITS DURATION 

Duration 


Size of Tumor 

No of 
Operations 

Under 1 Mo 

1 to 5 Mos 

6 to 11 Mos 

lYr + 

Not 

Stated 

Under 20 mm 

64 

18 

26 

9 

9 

2 

20-49 mm 

272 

46 

98 

43 

60 

25 

SO mm -f 

182 

17 

68 

43 

46 

8 

Not stated 

122 

19 

44 

24 

25 

10 

Total 

640 

100 

236 

119 

140 

45 


Although the probability of finding axillary metastases UKreaset, as llu 
breast tumor enlarges, it is distressing to note that even m the group of 

*In this, and m the following tables dealing with the prognostic significance of 
other individual features of breast carcinoma, the signs of locally advanced disease 
referred to are the ones which we have found from our data to have the gravest prog- 
nostic import They include ulceration of the skin, edema of the skin, fixation of the 
breast tumor to the chest wall, axillary lymph nodes measuring 25 cm, or more, in 
transverse diameter, and fixation of the axillary nodes to the chest wall or overh- 
ing skin 
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c.iscs With the Miiallcsl tuinois (luuler jo inm in thamelcr) tlic incidcnct 
of .i\i!lat\ metastasis is larj^c. to be exact 438 pei cent These data aie 
shown m Table I\ \i,mm the measurements used are those made by the 
pathologist 
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Xo 

T’tr Cent 

Xol n\imiiuit 

bmler 20 iiii» 

(i4 

28 

13 8''r 

0 

20-49 mm 

272 

fU 

SI Sg 

7 

■iO mm -t 

182 

IW 

74 2', 

1 

Not St itcd 

122 

71 

S8 2g 

S 
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<81 
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PathologK stud\ not mfitqutnth it\eals that brtast lartnioma exists 
m nuiltijile toci m the aitected buasi, p.iitanlaih m the relatuth ad\anccd 
cases but these multiple tumois aie not often deteited clmicalK \\c do 
not icfcr of com sc to satellite tumoi nodules in the skin but to separa‘e 
foci of carcinoma within the breast tissue itself In our senes there weit 
onh twelve such cases diagnosed clnncalh among the 640 m which radical 
opeialion was peifoimed It is jnobablc that moie c.iieful iialjiation woukl 
reveal them moie often 

Mthough our group ot cases is small after the mla/oinallv tnopoabh 
ones have been excluded 'lable X shows that the results of operation were 
relativel} good m the 12 cases in which the multiple natuie of the disease 
m the attected hi east was the only prognostic factor that had to be con- 
sidered In the three cases in which there were multiple tumois and m ad- 
dition, other signs of localh advanced disease there were, howewer, no cures 

Tmiii X 

Kl SUI fb 01 RMHl \l MASH (.TdMV 
I \SI S IS UIIRII Tin RI WIKI MUITIUI TCMOHS IS IIM IIKIVSI 

(Cltniral DtaRnosts'* 

ii ulriivnralh Inoperable Co I xrliided) 

1 \ c ir Lol il 1 \ (_ir Climc it 

RccurrciiLi- Cure*- 


I’hjfeical rmdmgs 

t ISt' 

N’l) 

Per Cent 

No 

Per Cent 

Multiple tumors oh/j 

Multiple tumors uif/i signs of locally idnnccd 

9 

t 


4 

44 4‘„ 

disease 

3 

1 

33 3V( 

0 


Total 

12 

4 

33 3<,<. 

4 

33 3% 


I.OCAL KLlbVATlON Oli* bKlN Tl.MPlblCVTUHL 

Oiu peisonal study of breast tumois has convinced us that caieiul coin- 
paiison of the skin tempeiatuie ovei the tumoi with th.it ol a cm responding 
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skin area on the opposite hi east will otten show that the skin o\ei tlie tuinoi 
IS w^armer Although this sign is most frequently found in carcinoma we 
have observed it m a variety of types of benign tumors and w'e do not attach 
any special diagnostic significance to it 

We are unable to present any data regarding the prognostic significance 
of elevation of skin temperature because most of the singeons who, in years 
gone b) , w rote the descriptions of the cases i epnrted in this series did not 
make any note of this sign 


H1<,I)NESS OF THE SKIN 

Redness of the skin is sumetimes a sti iking featuie of bieast caicinoma 
While in the far-advanced cases it is seen as the lesult of actual involvement 
of the skin by the disease, in earlier ones it may develop merely as part of 
an mflammatory-hke reaction wdnch some carcinomata induce in the tissues 
w'hich surround them 


Table XI 

RLSLLTS or RADICAL MASTECTOMV 
(. \SUS IN THERE W REDNESS OE THE SMN 

(.Cakgoncalh Inoperable Cases L\clnded) 


5-Year Local a Year Chnu il 

Recurrence Cures 



No of 

r 


— 

— . 

Clinical Group 

Ct'c*- 

No 

Ter Cent 

No 

Per Cent 

Redness only 

23 

6 

26 K'f 

8 

34 87 

Redness wi/lt signs of locally advanced disease 

30 

n 

43 37<- 

6 

20 70 

Total 

53 

19 

35 8% 

14 

26 40 


Table XI show^s the results of radical mastectomy m the cases m the 
present senes in which redness w^as noted, excluding the ones classified b\ 
us as categoiically inoperable Among these latter is the group of so-called 
“inflammatory” carcinomata m wdnch redness is a prominent feature of the 
clinical syndrome It wall be seen from this table that redness occurring alone 
does not imply a bad prognosis When it occurs wath othei signs of locall\ 
advanced disease however, the outlook is considerably poorer 


INVOLVEMENT OF THE SKIN 

Involvement of the skin over the tumoi, as we have used it m the present 
classification, refers to those cases m wdiich the skin over the tumor has be- 
come fixed and immovable This is a clinical and not a pathologic criterion 
It does not include the cases in w^hich this involvement has progressed to the 
point of ulceration, these form a separate group wdiich we sliall discuss subse- 
quently 

Table XII shows the results of radical mastectoni} m these cases wath 
skin involvement, excluding the ones classified by us as categoncally mopei- 
able From this table it would appear that skin invoheinent occurring alone 

869 



HAAGENSEN AND STOUT 


Aliiiall ijf ('Urgerj 
Norfmbrr l'> i t 


TAtiu XII 

RtSULTS OF RADICAL AUSTrCTOM\ 

CASFS IN WHICH THFRC WAS INVOt-VrMFNT OF TIIF SM*< 
{CateRoncaUy Iroftrabh Casts Excluded) 



No of 

S Year Local 
Recurrence 

5 Year Clinical 
Cures 

Clminl Group 

CascM 

No 

Per Cent 

No Per Cent 

Skm Invohcmcnt orl> 

21 

<> , 

28 6F, 

6 28 6*~c 

SUn in\ohcmcnl ’citb Figns of locally atlvanccd 
diceaic 

44 

11 

25 OS, 

8 18 2S, 

Total 

f.s, 

1" 

26 

14 21 SS, 


does not imply a bad prognosis, althougii when n occurs with other signs of 
locall) ad\anced carcinoma the percentage of cures decreases 

itix’kra.tion ofthk skin 

Ulceration of the skin over a breast tumor is a sign that surgeons know 
well, and most of them ha\e learned that it does not necessariK mean that 
the case is hopeless 

Taiilk \iii 

RISULTS or RADICAL MASTLCTOMV 
CASl S IS WHICH THFRF WAS ULCERATIOS OF THL SMS 

(Categoricalh Inoperable Cases Excluded) 


5-Ycar Local SA car Clinical 

Recurrence Cures 


Clinical Group 

No of 

Cases 

No 

Per Cent 

No 

Per Cent 

Ulceration only 

Ulceration, ui/i other signs of localls advanced 

9 

1 

11 l7o 

2 

22 2% 

disease . 

14 

4 

28 6% 

1 

7 1% 

Total 

23 

5 

21 7% 

3 

13 07 


Our data, as show’n in Table XIII, bear out the truth that ulceration of 
the skin occu) i mg alone does not indicate an unusually bad prognosis When 
it occurs together wnth other signs of locally advanced disease, however, the 
outlook is indeed poor, in our series the cure rate for such cases was onlv 
7 I per cent It should be noted that the cases classified hv us as catcqoi icallx 
inopeiable have been excluded from this table 

{To be confmued) 
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IMMEDIATE EFFECTS ON RENAL FUNCTION OF THE ONSET 
OF SHOCK DUE TO PARTIALLY OCCLUDING 
LIMB TOURNIQUETS^' 

A C Corcoran, M D , R D Taylor, M D , and Irvine H Page, M D 

Ixni VXAPOLIS, IXD 

FROM THE LILL\ LABORATORT FOR CLINICAL RESEARCH, INDIANAPOLIS CITY HOSPITAL, INDIANAPOLIS, INDIANA 

Ix A REVIEW of the status of the shock problem, Wiggers (1942) has 
leferred to the lack of quantitative knowledge which would point to the 
piesence of vasoconstriction sufficient to increase greatly resistance in im- 
portant visceral vascular beds or, by its intensity and persistence, great 
enough to lead to capillary damage Clinical observations testify to a slowing 
of peripheral blood flow and contraction of cutaneous vessels during the 
early stages of shock and quantitative measurements have confirmed this 
(Freeman, Shaw and Snyder, 1936, and Baldes, Herrick, Essex and Mann, 
1941) Precise information as to visceral vascular changes was largely lack- 
ing until Page and Abell (1943) directly observed mesenteric arteriolar 
vasoconstriction during the onset of shock The demonstration of a con- 
current and intense renal vasoconstriction would signify an increase in vascu- 
lar resistance in another and a very large set of vessels since the kidney 
normally leceives some 20 per cent of the cardiac output in the dog (Mason, 
Blalock and Harrison, 1938, and Levy and Blalock, 1937), and rather more 
m man (Smith, 1939) Fortunately this demonstration may be quantita- 
tively made by applying the methods and principles of Van Slyke, Rhoads, 
Hiller and Alvmg (1934), and of Smith, Goldring and Chasis (1939) The 
deficit m information to which Wiggers referred may thus be overcome 

Changes of renal blood flow and function during shock are of current 
interest also, since they may in a measure explain the pathogenesis of renal 
failure in “traumatic anuria” (“crush syndrome”) It was with reference 
particularly to this problem that the work here reported was begun Briefly, 
the present report consists of a description of the variations of renal hemo- 
dynamics and function which may occur during the onset of shock in 
anesthetized dogs after renal denervation, and after splenectomy, and during 
the transfusion of blood The choice of partially occluding limb tourniquets 
as a method of producing shock was made because of its simulation of the 
conditions under which clinical traumatic anuria may occur, and because, 
in contrast to many procedures, it permits continuous obsen'^ation of sys- 
temic changes 

METHODS 

Our obseivations were made during 14 experiments upon dogs anesthe- 

* The work described m this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and De- 
\eIopment and the Lilly Laboratory for Clinical Research 
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ti/c(l with socliuni pintoli.ii hital (Lilh ) gucii m .i do'^t fil niii ])cr kilo 
of boch -weight* In some expenmcnts small additional doses of anesthetic 
were given to maintain an e\en depth of anesthesia Iw'o experiments were 
nndei taken m otherwise nnimal uninephrectomi^ed dogs with one suheu- 
taneonsh explained kidnew f method of Page and Corcoran 1940). both 
opciations ha\mg been peiioimed thiee tears befoie Blood was transfused 
111 one of these, and acacia solution gueii the other 1 wti experiments were 
made in a normal dog not ticated b\ tiansfusion and two in two norm d 
dogs tic.ittd In tiaiistiisioii IMood was also gnen during an experiment 
upon a dog suttcimg lioni icn.il In jiei tension (method of l^age 1939) 
Obsei \ations were made in one dog whose legs weie iirnih w nipped in 
jilastei encasements Six experiments weie done m dogs both ot wlio-^e 
kidneys had been deiiertated 10 to 14 da\s befoie the experiment Splenee- 
toni} had been performed in fne of these .it the time of renal denertation 
and these fite dogs were gnen blood dm mg the experiment while the non- 
splenectonii/ed subject was treated In infusion of .nc.itia The grouping of 
the experiments is shown in Table 1 


l>pc of ENpcriiiicnt I vpcrmitiit 

A Xormnl dou'f 

(n) Nontmtiifu ctl one ^^ltll inn i infti'c<I I 2 . 

(1)1 Tnnbfti'cd 4 6 

H Dosb \Mtli <lcnen "ited kidncj s 

(n) Spleneclomizcd blood tnnsfu'-cd 7 8 9 10 

(b) Non<!plcncctonuzed oncninfu‘;cd J1 

C Oibcr experiments 

(n) Renal b\pcrtcnsion 12 

(b) Legs ttnpped in plaster encasements 13 

(c) Collapse not relics cd bj transfusion 14 


111 outline each experiment consisted of ( i ) a control period of some 
30 minutes of obsei vation, followmig which (2) parti.ally occluding limli 
tourniquets w'ere applied The obsei v<itions w’cre continued for about foui 
hours when (3) the touimqiiets were lemoved .and the experiment contin- 
ued foi another 80 minutes 01 moie Some of the .immals were saciificed 
and examined at the end of this time, but the majority died 8 to 14 hoiiis 
after the application of the tourniquets One animal w'as allowed to ieco\ei 
and the experiment repeated The blood which w^as given was ci oss-matched 
and freshly drawn from a donor into a vacuum flask containing sodium 
citrate solution It was given to the recipient by intiavenous infusion staited 
before the release of tourniquets The tourniquets consisted of stout coid 
and were so applied at the junction of thigh and body that a slow arterial 
inflow^ persisted for a time The legs sw'elled for an hour or more aftei 

study now in press (Corcoran and Page, Amei J Phvsiol 1943) establishes 
that anesthesia w'as not the cause of the effects htie reported except possibh in 
Experiment 14 
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then application, when swelling ceased, to begin again aftei the coids weie 
leleased b} cutting them free Blood piet-Hme was moasnicd bv a mcicurv 
manometer connected to the cannulated carotid arten The aitenal pressine 
usuall) rose immediately after application of the toinniqnets and fell slowI\ 
although not to “shock lei els" while thei weie'ni place Blood piessuic fell 
abiuptly w'hen the cords weic cut. but soon rett?ined to neaily the pievioiis 
level Following this, the piessuie fell slowly to hypotensive levels during 
the ensuing houis The aim of blood tiansfiision in these expeiiments 
was to maintain aiteiial piessure at approximately noimal levels, blood 
was. theiefole, given slowl) while the toniniqnets w’eie in place, lapidh 
immediately after then lelease. and then again moie slowdy The course 
of the shock wdiich follows this pioceduie m dogs is described in detail b\ 
Tayloi and Page (1943) 

The observations made during the expeiiments include the renal cleai- 
ances of diodiast and inulin, mine lolume, arteiial pressme and hematocrit 
index (method of W’intiobe) The piopoitions of diodiast and inuIin le- 
moied by the kidneys weie obseived b\' sampling lenal venous blood in 
the dogs w'lth subcutaneously explanted kidneys Fiom these piopoitions 
(lenal exti action latios) and the plasma cleaiances, total renal blood and 
plasma flows weie calculated The levels of total plasma piotein weie 
measuied in an expeiiment upon a 1101 mal dog Page (1943) had demon 
strated during shock the development of a substance in plasma wdnch con- 
stricts the isolated jjerfused vessels of a labbit’s ear wFich, pending identifi- 
cation, he has termed “peiipheral vasoconsti ictoi substance” Measurements 
of this kind were made in seven of the expeiiments 

For the measurement of cleaiances, a solution containing diodiast and 
iiuilin and 2 per cent of sodium sulfate in physiologic saline solution was 
infused inti avenously, and the late of infusion vaiied to maintain the plasm.i 
concentrations of diodrast-iodine at i to 5 mg per 100 cc , and of iiiulin at 
30 to 60 mg pel 100 cc A “pi lining" dose of the infusion fluid w^as given 
30 minutes befoie the stait of the experiment, and the infusion continued 
at a rate of 2 cc pei minute 01 less Diodiast-iodme was determined ni 
plasma and urine by the method of Corcoian and Page (1943). wdiich utilizes 
the colorimetiy pioposed by Flox, Pitesky and Alvmg (1942) Inulin de- 
terminations were done by the method of Coicoian and Page (i 939 ) 
soft rubbei letention catheter was inseited and the urine collected by careful 
bladdei w^ashing and compiession Urine volume w'as calculated fioin the 
excess volume of urine ± w^ashing fluid This method of estimating urine 
lolume IS, of course, not precise at low levels of mine flow and over short 
peiiod of collection although it suffices to demonstrate laige changes How- 
evei, during the experiments, the periods of collections weie prolonged during 
oligiuia. so that the measuiements may be accepted as approximating close!} 
the late of urine secietion The deteimmation of plasma protein content 
was made b} an adaptation of the method of Kingslei (1942) to the Evehn 
plioto-electi 1C coloiimetei 
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RESULTS 

\ Auiinidl /)of/s — (aj Af) iti.itisfdscd i Eflccls of loiiiuiquet Aj)- 
phtalion 'I lie coinses of these cxpennKiits (Xos i, 2 and 3) .no siinitnari/ed 
in Chart 1. in which the variations ohstrsed arc .iveragcd as percentage of 
change fioni the contiol le\elh '1 he mean duiation of toiniiiqnet application 
was 215 minutes During*^ the first 15 minutes the plasma clearances de 



Tourniquet Applied rToumiqviel Cut 


Chart i — Mentis of percentile \nrntions from control Icicls of diodrnst 
clennnce, inulin clenrnncc, filtntion frnction (F F ) hemntocrit index 
(Hera) urine nohime, (U V) nnd blood pressure (B P) induced bi 
npphcntion nnd rtlense of partnllj occluding limb tourmnuets in three 
normal dogs Abscissa mins = minutes from npphcntion of tonnntiHets, 
pers = periods of urine collection 


creased by 12 per cent, decreases to about 45 per cent occuired during the 
next 30 minutes and were follow'ed by further decreases to approximately 
25 per cent, at wdnch levels the> w'eie maintained Filtration fraction rose 
to range between 112 and 13 1 per cent of the control after the fiist 15 
minutes because of a greatei depiession of diodrast than imilin clearance 
Uime volume w^as depressed to from 13 to 28 per cent of the control level 
Artenal piessure w'as not alteied at first, but after 15 minutes fell slowh 
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to reach 75 pei cent of the control level at the time the tourniquets were 
released Hematocrit index increased immediately after application of the 
tourniquets by 8 per cent, and reached 122 per cent of the control aftei 
45 minutes The blood loss from sampling in ExperiAients i and 2 was about 
60 cc , including that taken during control periods 

The observations in Experiment 3. upon a dog with a single subcutane- 
ously explanted kidney aie of especial interest since they provide means of 
assessing the significance of the clearance changes observed in nonexplanted 
dogs Briefly, application of tourniquets did not significantly alter diodrasl 
extraction ratio, which was depressed by only 5 per cent during the whole 
time , on the other hand, the extraction ratio of inulin was doubled The fact 
that diodrast extraction ratio was maintained near control level (o 77) while 
plasma diodiast cleaiance fell to about 20 per cent of the control level, indi- 
cated that the change m clearance was the result of decreased renal blood 
flow Inulm clearance vas not as severely depressed because the inulin ex- 
traction ratio rose in proportion to the filtration fraction Plasma total 
protein decreased from 5 8 to 5 3 Gm per 100 cc during the tourniquet ap- 
plication Total blood loss due to sampling during this tune was 190 cc 
In spite of this loss, hematocrit index increased from 41 to 47 per cent 

2 Tourniquet Release Release of the tourniquets caused a sharp fall 111 
arterial pressure for about one minute, after which pressure was restored 
but at a lower level than before In tv o of the three expenmnents the plasma 
clearances of diodrast and inulin nevertheless increased Filtration fraction 
fell m all three Urine volume remained lov Hematocrit index was in- 
creased Release of the tourniquets vas followed by a slight initial fall 
in clearances in Experiment 3. which was maintained for about 15 min- 
utes after the cords were cut, when these values fell precipitously These 
changes in the clearances were associated with marked changes in diodrast 
extraction ratio which, in the four periods of observation, yielded values 
successively of o 72, o 68, o 69, and o 50 Inulm extraction was maintained 
at the high level reached during the piesence of tourniquets until the la&t 
of these periods, when it was observed at zero as the aiterial piessure fell 
to 60 mm Hg 

The duration of tourniquet application was 191 minutes in Experiment i, 
and the dog recovered after the experiment Experiment 2 vas undertaken 
upon this dog nine days later, and the tourniquets applied for 210 minutes 
Death ensued eight hours after beginning the experiment Duiation of 
application was 245 minutes in Experiment 3, and death occurred ii hours 
after beginning the experiment That renal function was not long affected 
by the severe changes which developed during Experiment i is shovn in 
the clearances of diodrast and inulm were, 1 espectively, 170 and 53 cc per 
minute m the control periods of Experiment i and 163 and 54 cc per minute 
at the start of Experiment 2 

Noimal Dogs — (b) Transfused i Effects of Tourniquet Application 
The obsen^ations made 111 this group of three dogs are sumniaiized m Chait 
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application, so that aitenal pressure fell b} onh about 12 per cent In 
spite of tins paitial majntenance of blood pressure, the cleaiances of diodrast 
and inulin fell in the li^aniier obscivcd in the fust group, .and so remained 
dining the fiist niinutes of transfusion, after ubieh the clearances rose 
to .ibout 50 pel cent of 1101 ni.d Whereas the dccicase of clearances h.ad been 
associated with inci cased filtration fi.iction and oliguria the subsequent 



C H \Ki 2 — Legend ^s in Cb^rt i The observations were imde in 
tliiee norm il dogs trinsfnscd with blood during tournitinet application 
iiid release Duration and rate of transfusion shown in lilocKed area as. 
Blood, cc per niin ” 


increase was accompanied by a fall 111 this value and an inciease in imne 
flow Hematoent ratio, wdiich had risen befoie tiansfusion, was iiiaintained 
during it “Peripheral vasoconsti ictoi substance’ w'as measured 111 two 
dogs (Dogs 4 and 6) and showai to appeal in the blood in increased amounts 
after application of touiniquets The subject of Experiment 6 w'as one of 
the two dogs wath subcutaneouslv explanted kidne'\s. as in the similar dog 
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(Dog 3) the presence of the tourniquets did not altei the lenal extraction 
ratio of diodrast which ^^as maintained at the control level of 068, during 
a fall of diodrast clearance to 30 per cent and a restoration by transfusion 
to 60 per cent of the control level The levels of renal plasma flow, therefore, 
varied in parallel with those of plasma diodrast clearance Unlike Experiment 
3. the fall of cleaiance was not associated with a marked inciease in mulin 
extraction latio 01 in filtiation fraction This was because the gieatei de- 
crease m systemic aitenal pressure pi evented the development ot inciease 
in mtraglomerular pressuie b} efferent arteriolar constriction 

2 Tourniquet Release The transfusion of blood during and after the 
touiinquet release failed to prevent a fall m the clearances m the subsequent 
observations although it did maintain arterial pressure approximately at the 
level which was previously obtained Filtiation fraction and urine flow le- 
mained unchanged, the latter at about 50 per cent of the control level The 
hematocrit index rose sliarpl) to a maximum of 145 per cent ot the contiol 
in the group In Experiment 6 as in Experiment 3, diodrast extraction 
ratio fell after touiniquet release to successive levels of o 55, o 58, o 58 and 
065 Clearance and renal plasma flow were simultaneously depressed in 
spite of a vv ell maintained artei lal pressure Inulm extraction ratios inci eased 
to levels ranging about o 35 and, as a result the deci ease of inuhn clearance 
was less marked than that of diodrast and filtration fraction increased 
“Peripheral vasoconstrictor substance’’ increased greatly in the blood of this 
dog just before transfusion and. although at a slightly lower level, remained 
increased duiing the experiment in which, m all, 700 cc of blood were given 
One dog of this group (Dog 5) died 12 hours after the experiment, and 
the other two vv^ere sacrificed at its completion 

B Renal Denejvatwn —(a.) Splenectomy Transfusion i Effects 01 
Tourniquet Application The results of four experiments are recorded to- 
gether m Chart 3 As in the previous two groups, the clearances and the 
level of arterial pressure were not at first affected by application of tourni- 
quets, but began to fall after about 15 minutes But, in contrast, they fell 
only to levels of about 50 per cent of the control and no dog in the group 
showed the severe fall of clearance (to levels of 20 or 25 per cent of control) 
which characterized the nondenervated gioups of dogs Filtration fraction 
rose as the clearances began to decrease but was later restored to a noimal 
level Arterial pressure fell by about 18 pei cent in spite of slow transfusion 
of blood as in the nondenerv^ated transfused series (A — b) Urine volume 
W’’as depressed roughlv in pioportion to clearance Unlike the nonsplenec- 
tomized dogs, this group did not show an increase of hematocrit index 
2 Tourniquet Release The transfusion was speeded as the tourniquets 
were released and arterial pressure rapidly restored to the level (83 per cent 
of control) which presented before thev were cut Probablv because of 
hypotension the clearances fell at fir^-t to about 20 per cent of the Cfintro! 
and rose to 50 per cent bemg uitnnateh ni ought nearh to tne tontiol level 
Hematocrit ratio now began to rise and the inviea'-e (.ontimied alter the 
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tiansfnsion was discoiUinued 'Urine Aolunic, which had fallen only slightl} 
after lelease of the cords, rose to exceed the control le\el when pressure 
was restored towards the control le\el 

Two dogs in this group died at lo and 12 hours after the start of the 
experiment, while two were saeiificcd at its conclusion 

(b) Splenectomy Nontransfused Delaied Infusion of \caeia Onh 
one such experiment was satisfactorih completerl The presence of the 




Chart 3 — L(.i,eiKl is in Clnrts i wd z ObsLr\Ttious niTde 111 four 
prcviousl} subjected to icml deiicreition Riid splciiectoiiij 


tourniquets caused a fall in cleaiance levels only to about 70 per cent ot 
the control During this time filtration increased and urine flow w’as greatly 
clepiessed Arterial jiressure reached a minimum of 60 per cent of the con- 
tiol just before lelease of the tourniquets wdien they had been on for 250 
minutes The hematoent index 1 cached 134 per cent of the control imme- 
diately aftei application of the tourniquets and fell slowdy aftei wards Rc- 
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lease of the tourniquets caused a sharp fall in arterial piessuie to 43 pei 
cent of the conti ol and a subsequent rapid rise to 50 per cent, / c , 67 inm 
Hg During this time the cleaiances fell to 13 and i per cent of the conti ol 
levels, and urine flow almost ceased, while the hematocrit index lose shaiph 
to 154 pel cent of conti ol A 6 per cent solution of acacia was then given 
at a rate of nearly 20 cc pei minute for 26 minutes and the ai terial pi essir e 
brought to 90 pel cent of normal During this time the clearances rose 
rapidly, only to fall again with arterial pressure when the infusion was 
stopped Hemoglobinui la developed during these obsei vations, and death 
occurred ten hours aftei the start of the experiment 

C Other Experiments — (a) Renal Hypertension One expeiiment w^as 
undertaken in a dog suffering foi one year from mild hypertension due to 
bilateral perirenal application of silk (Page, 1939) As in normal dogs, the 
plasma clearances decreased after application of tourniquets to reach about 
30 per cent of the control, wdien pressure had fallen, by 26 per cent, to 152 
mm Hg Transfusions of blood then rapidly restored the level of arterial 
pressure nearly to the control, although the plasma clearances remained 
depressed by about 20 per cent The hematocrit index had meanwhile risen 
to about 150 per cent of the control, so that assuming that plasma diodrast 
clearance is equivalent to renal plasma flow, renal plasma flow was depresse.l 
while renal w'hole blood flow was actually increased Release of the tourni- 
quets did not further low^er arterial pressure wdiich increased to the control 
level as transfusion continued, as did the plasma clearances of diodrast and 
mulm The hematocrit index remained high, so that apparent total renal 
blood flow further increased above the normal as was also urine flow It is 
noteworthy that measurements of “peripheral vasoconstrictor substance” 
showed no development of this material m the blood during the experiment 
(b) Effect of Limb Encasements Snugly fitting plaster encasements 
w^ere applied to the legs of one dog from foot to thigh before the control 
periods That such a procedure does not affect clearance is shown in the 
fact that the values obtained during the control periods of the experiment 
were identical with those previously observed in this dog when conscious 
The course of this experiment is showm m Table II, from w^hich it will be 
seen that application and release of the tourniquets under this condition 
did not alter renal function 

(c) In Experiment 14 upon an apparently normal dog, arterial pressure 
began to fall from the control of 133 mm Hg 40 minutes after application 
of tourniquets, and continued to fall m spite of rapid intravenous trans- 
fusion of blood, and was only temporarily stabilized at 100 mm Hg after 
the infusion of 600 cc of blood (roughly, 06 of this animal’s probable blood 
volume) The fall m pressure was associated wuth a severe reduction of 
renal clearances, which were restored only to 50 per cent of the control w hen 
the pressure w^as brought to 100 mm Hg , while oliguria continued After 
92 minutes, the experiment was discontinued and the tourniquets released 
The dog died 15 hours from the start of the experiment 
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TIk dc.illi ()1 main amm.ils in this senes iiulicates that llic ohseivations 
icpoitccl wcic in t.ict m<ule din ini' ‘the onset ot shock '[ liis \ic\\ is su])- 
poited In the chnual and an.itonnc tiidcnccs oi dc.ith in sliock nhicli ap- 
pealed m 1=5 noim.il and 12 sj)lenectonii/td dof,'s siilijecttd to .i similar toui- 
houi period of toinmciuet <ipphcaiion (Tailoi and I’.if'c 1943) Wc are 
therefoie. lead to bche\c (Chait i ; that tlic onset of shock due to tourniquet 
application ,md icltase is associ.iltd with scxcit depression oi remil function 

The ohguiia nia\ lesiilt in a measure fiom sccietion ot Inpoplnseal 
antidiuretic hormone as the result of paintnl stimulation (]^\din and Vcrnei 

1938) foi It had Its onset often before large changes 111 the renal cle.irances 
of cliodiast and iiuilni As to the latter the obberiations in the dogs with 
subcutaneoush' exidanted kidnees establish that, as in normal dogs (White 
and Hembecker, 1940, and Coicoian. Smith and Page, 1941) plasm.i diodrast 
clearance during tournic|uet a])plication m.i\ be considered as measuring 
the rate of renal plasma flow to funetioning e\cietoi\ tissue (Smith, Goldiing 
and Chasis 1938) while plasma imilin elcaranee is accepted as the measure 
of the rate at which glomerulai filtiate is foimed fiom renal jilasma (Smith 

1939) By this constiuction the dejnession of renal function which appeals 
during the onset of shock is esscntialh due to 1 eduction of icnal blood 
flow It, thus becomes otii purpose to dctcimme the nature and origin ot 
this lenal ischemia 

Renal ischemia dining shock might be due to Inpotension alone 01 to 
some redistiibution of blood in 1 espouse to decreased blood volume Actualh 
a compaiison ot the levels of lenal pei fusion and aiteiial piessiire 45 min- 
utes aftei tourniquet application with these A'alues in Inpotension due to 
a large hemorihage (Coi coran and Page 1943) indicates that the 1 eduction 
of blood flow' IS not simply the lesiilt of loweied aiteiial piessuie and dc- 
ci eased blood volume This impiession is eonfiimed In the expeiiments 
summan7ecl in Chart 2 w'here tiansfusion of laige amounts of blood caused 
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only a modest lestoialion ot lenal plasma flow tow^aids the nounal The 
lenal ischemia of eaily shock is, theiefoie, not the result of hypotension 
and, it follows, that it must anse in inci eased lenal lesistance to the flow 
of blood That lenal lesistance uses is shown ’giaphically in Chart 4 , wheie 
are plotted concmient changes m total lenal blood flow and renal aiteiiolai 



lesistance the lattei calculated by the method of Lampoit (1043) con- 
sidered in relation to the contiol level 

It might be supposed that a significant factor in this resistance to blood 
floiv might he m the viscous resistance due to erihlnemia f increased 
hematocrit index) That this is not a huge element in the renal ischem a 
IS shoivn in those expeiiments in which erythremia was abolished bi splen- 
ectomr at least until the tom niqiiets weie leleased fChait 3 ) In passing 
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It should he uolcd that this cllect of splencctoun extends and confirms the 
obser\ations reported In Tax lor and P.agc (1943) Lamport (1943) lias 
jirojioscd <i nomogiam In which the relatnc influeiKc of xiscous resistance 
due to changes in hematocrit index and plasma protein eontent max be esti- 
mated, and he suggests that this faetoi be applied to calculated renal arteriol ir 
resistance, xxith the adxant.igc that the xalues of apiiaient arteriolar resistance 
thus determined repiesent onlx the changes due to alterations in the blood 
xessels \Vc apjjlied this correction to the xalues obtained in two experi- 
ments (Nos 3 and 6) and. as shoxxn in Chart 4 (from Exjicnmcnt 3). found 
that er}thremia accounted for onl}' a small fraction of the resistance which 
dex’eloped m the renal cii dilation We must, then, conclude that the increased 
renal resistance to blood fioxx during the onset of shock is the result of actual 
vasoconstriction The calculations made both from Experiinents 3 and 6 
indicate that this resistanee dcx'elops predominantly in the glomerular ef- 
ferent arterioles 

Such a renal vasoconstriction might dexelop during the onset of shock on 
the one hand b) opeiation of nerxous influences as from pain at the site 
of tourniquet application and in sxxelling limbs, or, reflexlx, from h3poxoleinia 
or, on the other hand, it might be due to the actix itx of huinorallx circulating 
X asoconstrictor substances 

That the renal nerxes are not the predominant influences in the increased 
renal xascular resistance is shoxxn bx experiments in dogs subjected to 
renal denerx^ation. both splencctoini7ed (Chait 3) and nonsplenectoini/ed 
(Experiment 2, abox'c) Howexer, it is noteworthx that renal plasma flow 
(from diodiast clearance) did not decrease in these to the x'ery low levels 
of 25 per cent of the control xxhich xx'as obserx'cd 111 normal dogs (Charts i 
and 2) The fact that blood xxas transfused during the experiments shoxxn 
in Chart 3 does not alone explain the paitial maintenance of renal perfusion 
during tourniquet apjilication, for the infusion xxas x’erx sloxx Further, .10 
infusion xx'as gix'^en at this phase of Expeiiment ii and here, the reduction 
of blood floxv prior to release of the toui niquets xx as eveif less marked thati 
m the group to xxhich blood xxas gix'cn Neurogenic renal vasoconstriction, 
possibl}’^ the result of pain, is, as are hypotension and h}povolemia, a factor 
111 the genesis of renal ischemia during the onset of shock But it is not the 
important factor, for there 1 emains a reduction of renal plasma floxx to about 
50 per cent of the control levels xvhen the combined influences of renal nerx^es 
of erythremia and, in large measure, of hjpotension and hypovolemia ate 
excluded respectivel}'^ by renal denerx^ation, splenectomy and blood trans- 
fusion (Chart 3) 

There remains only the probability that most of the renal ischemia, xvith 
xvhich xve are here concerned, is due to the release into the blood of a humoiall) 
circulating vasoconstrictor material Such a “peripheral x^asoconstrictor 
substance” appears in plasma duiing procedures xx'hich cause shock (Page 
1943) j and it xxas shoxxn to dex^elop in plasma during six of seven expen- 
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ments of this report Interestingly, the only dog in whose plasma it did 
not develop, viz ^ the one suffering from renal hypertension, also showed 
only a slight depression of renal plasma flow in most periods and, because 
of the increase m hematocrit, an actual rise of renal blood flow m some 
Similarly, although no determinations of vasoconstrictor substance were made 
in Experiment 13, the absence of renal vasoconstriction in the animal whose 
limbs had been w^rapped in plaster bandages before applying the tourniquets 
suggests that formation of the vasoconstrictor material had been inhibited 
by this procedure Katz, Shleser, Asher and Perlow (1942) have observed 
a preventative action of limb encasements on shock due to the analogous pro- 
cedure of venous occlusion, although they attributed this effect entirely to 
the prevention of loss of blood volume, while our experiment with the limb 
encasements suggests that failure of formation of vasoconstrictor substance 
may also be concerned Indeed, circulatory depression due to release ot 
this substance should, it seems to us, be reckoned among the harmful effects 
of tourniquets wEich, of course, include pain and sudden loss of blood volume 
(Wilson and Roome, 1936) In this connection, the observations of Blalock 
(1943) on the presence of a toxic substance m the thoracic lymph of dog^ 
with injured hind legs might be cited, although no evidence is available to 
establish a relationship between Blalock’s “toxic products” and the “peripheral 
vasoconstrictor substance” of Page Duncan and Blalock (1943) have re- 
cently confirmed the widely held clinical view^ that release of a tourniquet long 
applied to an injured extremity is dangerous and often lethal The sys- 
temic activity of “vasoconstrictor substance” probably enters into this effect 
The mechanism of the decrease in diodrast extraction ratio during cir- 
culatory depression after tourniquet release is not clear We have observed 
a similar change during the renal circulatory adjustments which follow hypo- 
tension due to bleeding (Corcoran and Page, 1943) and the cause of the 
abnormality seemed to he in a change in the equilibrium betw'een plasma 
and renal interstitial fluid In the present experiments, other factors, Such 
as arteriovenous shunting or renal epithelial mjur} might also be adduced 
Whatever its nature, this depression of diodrast extraction ratio has the 
effect that diodrast clearance no longer measures renal plasma flow as well 
as it normally does or as it did during the period when the tourniquets weie 
still in place Thus, interpretation of diodrast clearance as the equivalent 
of renal plasma flow is uinvarranted after tourniquet release or analogous 
injui}, as, also, after severe and repeated hemorrhage Further, the resultant 
decrease of diodrast clearance in ratio to inuhii clearance also alters the 
significance of filtration fraction, wdiich cannot remain as an expression of 
relative levels of mtraglomerular pressure or the equivalent of inulm ex- 
traction ratio An increase of filtration fraction after severe injur) is not 
always evidence of increased mtraglomerular pressure, although such ma\ 
develop When mtraglomerular pressure increases after injury, it ma) be 
because of efferent arteriolar constriction as m Experiment 3 (Chart 4), or 
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when It l.iils to .ipixMi It m.u lit btc.iust tlit c.lltront coiistnctioii w.is u- 
tompanicd In Mstcinic IniMiltnsion (,is ui E\])enmeiit 6; 

\ feu deductions ni.u he in.ide from the clinic.d ])oint of mcu First 
,ind m accoid with clinical impressions we note that the lenal resistance 
which dcwelops duimt( the tissue of touimquet <i])j)lication is more intense 
than the lesistance which slowh ajipears after seveie and lepcated bleeding 
(CoKoi.in .ind P.ige 194^) where the tissue mjur_\ is jiresumabh miklei 
.md moie dilTuse Second fc.ir of inteifeimg with blood flow as the result 
ol mcie.ised mscous lesistance due to er\thremia is probabl} unwarranted 
undei most (.ircumstanccs, so th.it ttansfusion ol blood should not be dc- 
l.ued because plasma otheiwise desired, is tcmporariK tinacailablc Third 
with reference to “tiaum.itic amui.i, /< the jiersistent and often iccoverablc 
loss of ren.d function which m.u follow crushing injuiics oi circulator} ob- 
struction (foi ic\iew see Editorial lint Med Tour. 1942) the complete 
lecoveic seen in Expeiiment i (.md m othci simil.ir expenments shorth to 
be published) indic.itcs th.it touinujuct .ipphcation alone does not satis- 
factorily lepioducc this type of renal mjui\, nor cause lasting depression of 
excietorc function Indeed sections of the kidnews of two of our dogs after 
death which h.id ensued fiom four-hoiu application of tournic|uets, did not 
ha^e the appe<u.ince of eaih “traumatic anuri.i described In B} waters and 
Dible ( 1942) Id ow ever, the scceic hemochnamic changes which do appeal 
m the kidne\ dining and after tournic|uet lelease arc sufficient explanatioi 
for subseciuent tiansicnt signs of renal irritation without excretoi} failure 
such as were obsenecl after limb ciiishing In Duncan <ind Blalock (1942) 
Our failure to rc])ioduce the sviuhome of traum.itic anuiia b} a procedure 
which depends upon massive swelling of limbs suggests also that the ex- 
]danation of the s3nKlrome as the simple result of excessne fluid loss is un- 
satisf.ictor) Finally jiendmg a full explanation, consideration should be 
given the view that traumatic .muria depends iii)on myoglobin aggregating 
in and plugging 01 poisoning lenal tubules (By winters and Beall, 1941) and 
wnth this view in mind, certain iioints aiising from 0111 experiments may be 
lecalled Thus (a) the depressed renal blood flow and filtration rate of 
seveie mjur\ w'ould laigely tend to ])i event excietion of myoglobin from 
])lasma and its consequent deposition m tubules until renal excretorc function 
had been improved by tieatinent of shock Theiefoie (b) measuies of 
iiimai}’’ alkalmi/ation and diuiesis such as those pioposed bv Bushbc J-fail 
Kerwick and Whitby (1940), might well be adopted before tiansfusion of 
blood or plasma m patients with crushing mjuiies Flowevei (c) since lenal 
function IS depiessed during the onset of shock so that myoglobin ina} tend 
particularly to injure tubules at this time measures foi the relief of shock 
-should themselves tend to pi event renal failuie 

SUMMARl 

Onset of shock due to the toui-houi ajiphcation ol paitialli occluding 
hind limb touiniquets to anestheti 7 ed dogs i.auscs a maiked depression of 
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lenal function, which is the lesult ol i eduction in renal blood flow The 
tactors which nia}^ enter into this decrease of renal blood flow' are ( i ) decreased 
arterial pressure, and (2) increased renal resistance to the flow of blood 
Hypotension, however, is only a minor and inconstant element, increased 
renal resistance is much more impoitant Among the causes of increased 
renal lesistance, blood Mscosity due to a use of hematocrit index is not sig- 
nificant, foi splenectomy, which prevents the increase of hematocrit, does not 
interfeie wath the reduction of renal blood flow Although lenal vasoconstiic- 
tion of nervous origin is a greater factor than viscous resistance, it. too, ac- 
counts foi only a small pioportion of the renal ischemia which follows toiuni- 
quet application and lelease as is shown by renal denervation The decreast 
in renal blood flow w’hich occurs wdnle limb tourniquets aie 111 place when 
these factors are excluded, ? <? , in dogs pieviously subjected to lenal denena- 
tion and splenectomy, and in wdnch arterial pressure and blood volume are 
maintained by blood transfusion during the experiment, seems to be due to 
some humorally ciiculatmg vasoconstrictor substance Such a material w'as 
demonstiable m the plasma of several animals m which its piesence was asso- 
ciated w'lth increased renal resistance, piedommantly at the glomeiulai efterent 
arterioles With injury, as aftei the release of tourniquets, diodiast len.ii 
extraction latio may be depiessed. so that normal interpretations cannot be 
given to changes m plasma diodiast clearance and filtration fraction The rt nal 
vasoconstriction associated wnth the onset of shock serves to explain transient 
signs of lenal iiritation wdnch may follow injuries Although it may pla\ 
a part in the genesis of ‘'traumatic anuria" (“crush syndrome”) it alone does 
not reproduce this state 

CONCLUhlONS 

1 The depression of renal function during the onset of shock due to pai- 
tially occluding tourniquets is due to a decrease of renal blood flow wdnch is 
only in a minor and inconstant measure the result of decreased arterial pressuie 

2 This decrease of renal blood flow is due almost wdiolly to increased renal 
vascular resistance, into which increased blood viscosity enters only m small 
degree, the increased resistance being rather due to vasoconstriction, pre- 
dominantly affecting the glomeiulai efferent aiterioles 

3 Although nervous stimulation, presumabl) as the lesuIt of pain, causes 
a smalj measure of this vasoconstriction, much the laiger fraction is inde- 
pendent of the renal nerves and, by exclusion, of humoral origin 

4 This humorally-ansing renal vasoconstriction is associated with the 
appearance m plasma of a vasoconstnctoi substance to wdiose actnilv it is 
therefore attributed 

We acknowledge the skilful assistance of Mr Truman Woodmansce. BS 

BIBLIOGRAPHY 

Baklcs, E 1 . Hernck, J F, Esses FI E. and Mann, F C Am Hcait 1 21, 74s. 

1941 

Blalock \ Bull lohns Hopkins Hosp 72 S4 1044 

885 



CORCORSN, TVM.OR \ND P \G]' \mmli cj Sur„r, 

^crembfr 1 <1 I 

Btishhj, SR M, Hart, 13 M, Kcrwick, A, ami Wlntb>, L E H Lancet, i, 355, 
1940 

Bws.atcrs, E G L Bnt Med J ii, 643, 1042 

B} waters, E G L, and Beall, D Bnt Med J, 1, 427, 1941 

Bj waters, 13 G L, .md Dihlc, J H J Path and Bact , 54, ui, 1042 

Corcoran, A C, ,ind PaRi, I H J Biol Chem , 127, 601, lO^O 

Corcoran, \ C , and Pajtc I H j Lab nid Chn Med (In press) 1043 

Corcotan, A C, and Pa^e, 1 H J I3\ptr Med 78, 205, 1043 

Corcoran, \ C, Smith, H \\ . and PaKc, 1 H \intr J Phvsiol, 134, 333, 1041 

Dunean, (j W , and Blalock, \ \\saisoi SLHotRa, 115, 684, 1042 

Duncan, G W, and Blalock, A SurRcrj, 13, 401, 1043 

Editorial Bnt Med J, 1, 445, 1941 

FIo\, J, Pitcskj, I, and Ahitip, A S J Biol Chcni , 142, 147, 1942 

Freeman, N E, Shaw, J L, and Snyder, J C J C!m Iiucst, 15, 631, 1036 

Katz, L N , Shlcscr, I H , Asher, R , and Perlow, F \mcr J Phjsiol , 137, 580, 1942 

Kingslcj, G R J Lab CIm Med, 27,840, 1042 

Lamport, H J Chn Invest , 22, 461, 1943 

Le\j, S E, and Blalock, A Amcr J Plijsiol, 122, 609, 1038 

Mason, M F, Blalock, A, and Harrison, T R \mcr J Phjsiol, 118, 667, 1037 

Page I H , md Abell, R G J E\pcr Med , 77, 215, 1943 

Page, I H, and Corcoran, \ C Siirgerc, 7, 3,80, 1940 

Pigc, I H J Amtr Med \ssoc, 113, 204O, 1930 

Page, I H Amcr J Ph> siol , 139, 386, 1943 

Rjdm, H, and Vcrncy, E B Quart J E\per PInsiol, 27, 343, 1938 

Smith, H W PluMologc of the Renal Circulation The Har\c\ Lectures 35, 166, 

1039-40 

Smith, H \V , Goldrmg, \V , and Chasis, H j Chn Incest, 17, 263, 1038 
Taylor, R D, and Page, I H Arch Siirg, 47, 59, 1943 

Van Sljkc, D D, Rhoads, C P, Hiller, \ and \l\mc, \ S \mtr J Plusml, 
log, 336, 1931 

White, H L, and Hcmbecker, P \mcr J Plnsiol, 130, 464, i<)4o 
Wiggcrs, C J Phjsiol Rc\ , 22, 74, 1942 


886 



PRIMARY OSTEOGENIC SARCOAIA OF THE BLADDER 

COMPLETE REVIEW OP SARCOMATA OF THE BLADDER 

A R Crane, M D , and R G. Tremblay, M D 

Brooklyx, N Y 

FROM THE PATHOLOGICAL LABORATORY, ST JOHN S HOSPITAL, BROOKLYN, N \ 

Alphough primary sarcoma or thf bladder is an infrequently en 
countered tumor, we have been able to collect 15 1 cases from the literature 
up to 1943 Many histologic types have been reported, but m terms ol 
modern histogenetic classifications, these would be reduced to angiosarcoma, 
fibrosarcoma and fib romyxo sarcoma, malignant lymphoma, leiomyosarcoma, 
neurogenic sarcoma, rhabdomyosarcoma, chondrosarcoma and osteogenic 
sarcoma Undoubtedly, some of the more undifferentiated tumors reported 
as round cell and spindle cell sarcomata, etc , represent anaplastic carcinomata, 
or would be more propeily classified with the fibrosarcomata Of the various 
types, the bone-producing tumors are the rarest and most peculiar from a 
histogenetic point of view Eight cases of primary malignant bladder tumors 
producing bone or cartilage have been collected from the literature (Table D, 
and it IS with this group of tumors that this paper is primarily concerned 
In 1856, Ordonez^ recorded the first instance of a malignant bladder 
tumor containing elements of cartilage or bone His case, occurring m an “old 
man,” is reported as a “chondroma” but is described as “an infiltrating tumor 
of the bladder composed of a fibrous tissue matrix, containing large numbers 
of cartilage cells ” The bladder was filled with a transparent yellowish-brown 
gelatinous substance Further clinical or pathologic details are not given 
m his report, which deals chiefly with the histologic structure, but the tumor 
would probably be more accurately classified as a chondrosarcoma 

The second case w^as reported by Shattock^ m 1887, who reported a tumor 
^ 55"yc^r-old male located m the region of the trigone about the right 
ureter, and productive of hematuria and dysuna for four years On surgical 
excision, the tumor was coveied by mucous membrane and was in part 
papillary m form Histologically, it is described as being composed of 
cartilage and of a “sarcoma tissue of a spindle and mixed cell variety ” The 
patient died nine months after the operation, and at autopsy showed a large 
soft grow'th, tw^o inches in diameter, encroaching on the bladder from the 
base The right ureter passed through the middle of the grow^th and was 
dilated The bladder was diffusely infiltrated by the tumor which at this 
time w^as found to be a “round-cell sarcoma” and contained no cartilage 
There w^ere also multiple papillomatous grow'ths in the bladder Shattock 
lecords the case as one of “chondriGing sarcoma and multiple papillomata’’ 
From the material available, am other classification under current terminolog}^ 
is not warranted 


887 



( !• \\1 \\l) I U! \ir.I \^ 


\mi il t i rj 
Nmi iijtKr i '» I 



888 


will mlc< iirtmii p\i 
timt '-t.rrt \ !»n(.plvnt\-- 

liinv. 



Nmn?)« 5 ® OSTEOGENIC SARCOMA OF BLADDER 

These fiist two lecoidecl cases dealt with tumois containing cartilage 
Then, in 1899, Beneke^ lepoited a case of osteochondiosaicoma, this being 
the first one descnbed as producing bone A 72-year-old male wnth a histor) 
of heinatuiia of a tew weeks’ duiation, at opeiation showed a pedunculated 
tumoi, the size of a “small apple oiigmating at the lateial edge ot the 
tiigone and coveiing the mouth of the left meter The tumoi w'as excised 
Giossly, It was mushroom m shape, haul and showed tiabeculations having 
the consistency of bone Histologically, it showed much osteoid 'tissue and 
in some aieas bone with osteoclasts Other portions were very cellular, most 
of the cells being spindle-shaped Areas of hyalin cartilage shading ineo 
zones of active bone formation and bone maiiow were also present The 
patient died eight weeks alter operation of pyelonephritis At autopsy, theie 
was invasion of the bladder b) the tumor which showed the same histologic 
stiuctuies descnbed above Skeletal muscle fibers were also present Oni\ 
local extension metastases occuiied Theie is no question that this tumor 
belongs m the gioup of osteogenic saiccmata 

In 1905, Heisler^ lepoited a “fibio-edemato-myoenchondioma’' occurring 
on the posterior bladder w^all of a one and one-half-year-old infant This 
case was cited b} Fischer, but we have been unable to find the original article 

Fischer, “ 111 2908, lepoited the fiist case of an osteogenic saicoma wnth 
distal metastases This was a 62-yeai-oId female with a five-month, 
histoiy of hematuiia, d}suiia uiinaiy obstiuction. and emaciation, wdio died 
followung a c\ stotomy At autopsy, a tumoi 70x50x55 cm w as found 
at the base of the bladdei on the light side Grossly, it was enciusied, haul 
and wdiite Micioscopically, it contamcd bone, cartilage and fibrous tissue 
elements Metastases were present m the pleuia, omentum and about 
the right uietei, and all of these presented the same histology as the 
original tumoi Theie were also marked bilateial h}diouieteis and h}diO' 
nephrosis and a bionchopneumonia Fischei leported this as an osteo- 
chondiosaicoma 

Ried,^ in 1913. published a case of chondiomyxosaicoma in a 57-3 ear-old 
male wuth a six-months’ history of hematuria d}'suiia and increasing in mar} 
obstruction At operation, a hard tumor completely filling the bladder was 
found Micioscopicall} , it show'ed a laiied cellular structure interpreted as 
sarcoma with areas of osteoid material, osteoclastic giant cells and areas 
resembling osteitis fibiosa cystica At autopsy, foui months later, the tumor 
had diffusel) infiltrated the bladder wall and rectum, but there were no 
other metastases This tumor, w'e believe, can also be classified as an 
osteogenic sarcoma 

In 1929, Wright-Smith" encounteied at autops} a bladder tumor m a 
male, age 47, with a histoiy of hematuria, d}suria. nocturia and f requeue) 
of five weeks’ duration The tumor projected into the bladder from the 
superioi surface Histologicallv it w'as composed of spindle-shaped cells 
and many aieas of embnomc caitilage and showed patch) calcification and 
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main I.iigt {^i.inl cells ( ' nsteot lasts) Tin c.ise is leporlccl as .i icralogenous 
saiconi.i hill nia\ ag.iin he cl.issificd as .in osteogenic sarcoma 

The l.isi case w.is leioiclecl, in I 03 f^. h\ Dioschr as an osteoid sarcoma 
otciiiimg m .1 r)7-}c.ii-olu male uitli a histoic of loss of weight for one 
\eai and fic(]uenc\ .indulgence foi six weeks At opeiation a pedunculated 
tiimoi, the si/e of .in apjilc was found aiismg from the legion ot the trigone 
.md oeeilMiig the right iiietei Muioscopie.ilh . it was composed ot eloseh 
p.acked spindle cells i. unit \ mg he tween which weie hands of osteoid ni.iterial 
Multimicleated gi.int cells ( '' osteoclasts) were numeious Mane hlood 
\essels showed iinasion In the tumoi cells 'J he patient died one da\ 
aftei opci.it ion .md an autojis} liniitcd to the gemto-iinn.ii \ ti.ict showed 
no local mct.istascs 

'Jo these cases we .11 e adding anothei whuh is the fust to ha\e hecn 
studied cheniicalh and histochcniKalh .is well as histologicalh 

Case Report — I W k . <1 do-ccnr-old iinintd wliilc fircmui, catiic to tlie 
hospital, with a cliitf coiiipl iiiit of licm.ituna His past Iiislori was cntircK ncRatnc 
sa\c for (i) Jcplioicl fc\ti \cais aKO, and (a) fr.ictiire 01 ri>;lit lower cvtrciiiiti 

fi%e jears ago The taiiiiU histon, sistciinc renew ind personal liiston were non- 
coiitribiitoi \ 

Pusiiit Illness Si\ months before his first admission on January 13, 1043, he noted 
the onset of gross heniaUina He passed blood throiighoiit niictiiritiori He consulted 
his phjsici.in who prcsciibed piriduim Following administration 01 this ding the gros^ 
hematuria disappeared, and the patient was sjmptom-free during the nest three months 
However, during the two months before being .admitted to the liospit il he noted heniaUiri i 
on file separate oecasions The hematuria was now associated with marked (hsur’a 
especialh toward the end of niicturilion and on the last two occasions, he passed 
small blood clots 

Physical Eiatiiiiiation The patient w.is a wcll-dc\ eloped and welhnoiirished while 
male Temperature og, pulse 84, respn.ations 20 blood jiiessure 170/80 The positiic 
phisical findings included Edentulous upper and lower jaws Eiings — clear to 

percussion and auscultation sa\c for atelectatic rales at both bases postcriorh , Ileait — 
no abnormalities except for distant heart sounds '\bdonien — cnlirch negatuc Bladder 
not distended Extremities — slight angular deformitj just abo\e right angle, at site 

of previous healed fraetuie Rectal — prostate shghth enlarged, especialh the right 

lobe and pi esents tw’o irregular nodular areas about o 5 cm m diameter There is no 
impression of fixation of the gland and its consistencj though fiiin is not stoin hard 
No rectal masses were felt nor was there any blood on the examining finger 

Pt ogress The patient was cathetenred after \oidnig and tw’o ounces of grossh 
bloody urine obtained Tbe next day on c}stoscop\ some difiicultc was encountered 
m passing the mstiument through the bladdei neck but aftei some manipulation toward 
the right, it entered the cavity of the bhiddei \ large, iricgular grcMsh-\ ellow' mass 
was seen to the left of the inidlmc and lying o\er the bladder floor There w’as no 
Msible viable tissue and, on motion of tbe ccstoscope against this mass, a grating 
sensation was felt The diagnosis of a laige \esicle calculus w'as made, and on the 
second hospital day, a suprapubic cjstotomy wxas perfoimed On opening tlie bladder, 
an oval, lobular, firm tumor, 10 cm m diametei, was encountered Ihe tumor was 
attached to a stalk 5 cm m diameter at its base and haMiig its origin paitiallv co\ering 
the left ureteral orifice Tlie suiface of this tumor was coveicd with w'hat appeared grossh 
to be phosphatic deposits The tumor was leniovcd bj dissection and the base thoroughh 
cauterized Thorough exploration of the bladder revealed no other abnoi mahties 
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save for an hypertrophied pi estate The patient’s postopei ati\ c course was not 
remarkable On the tenth postoperative day, a second-stage prostatectonn was 
performed The gland proved to be markedlj adherent to the capsule and wa^ 
enucleated wuth difficult} His postopei atne couise followung the second operation 
was also uncomplicated 

The tumor wdiich had been removed from the bladder w'as repotted by the 
pathologist to be an osteogenic sarcoma, and the prostatic tissue which w'as remmed 



revealed chronic prostatitis, benign adenomatous hyperplasia and two small micioscopio 
areas interpreted as adenocai cinoma Radiographs of the chest, shoulder and pehic 
girdles, and lumbar spine failed to reveal any evidences of metastases An intravenous 
urogram show'ed that the kidneys w'ere slow^ in excreting the d}e No definite renal 
pelvis could be outlined on the left side, but the right renal pehis appeared normal 
Following this, repeated blood chemistr} studies w'cre made The serum calcium ranged 
betw’een 114 and 130, and the serum phosphorous between 29 and 3 3 The total 
serum proteins were 59, albumin 27 and globulin 32 The urea nitrogen aecraged 
20 mg The urea clearance test revealed a kidney function of 198*^ The Moscnthal 
test showed a fixed specific gravity ranging from i 013 to i 016 The blood \\ assermann, 
Kahn, and Hinton tests were negative. A urine culture re\caled a hca%\ growth of 
^ The blood count which on admission had shown to 4 Gm ( 70 %) hemoglobin 


cr\m: \\I 3 tremhlw 


Annnls of ''tirccrj 
No^crn^jcr 1 U 4 { 


and 4,100,000 red blood idls Ind dropped to 8o Gin (=;3%) liemoRlobin, with 4,100,000 
led Iilood eells at the end of liis fourth week in the hospital llic scrum alkaline 
pliosphatasi, whicli li.id ranged between 13 and 17 nninednteh after reinoeal ot the 
tunioi rose to s 9 (Fiji i) on tlie 3tth di\ aftei the first operation V cjstograii 
(Fig j) done it tins time showed a filling defeet in the left side of the bladder wall 
Cestoseope reee.iled a will-fimneli7ed bladder neck I be right ureteral orifiee appeared 
normal I he left ureteral orifiee could not be seen On the left lateral wall postenorh, 
there was a rounded, elevated smooth mass 23 cm in dwineter and 10 cm iii height 
.ind adjacent to this another mass i s cm \ os em both having the appearance 01 





Tig * — C>stOf,nm sliowiiif, ibiioriiul sinpc of blnildcr and rdliiip; dcftcl on tlie left 

new growths The alkaline phosphatase continued to range between 5 s and 59 up to 
the time of the patient’s discharge from the hospital on Febriiarv 25 1943, on Ins 

43rd hospital day His geneial condition at the time of discharge was good, and 
he was symptom-free 

One week after leaving the hospital, he developed a painful swelling of his rigl t 
testis At the same time, he began to have urmarv frequencj dvsuria, urgencj and 
incontinence of urine of a mild degree On klarch 8, i943. he entered the hospital 
for the second time Physical examination at this time revealed the following additional 
findings A w'ell-healed midline suprapubic scar, a swollen, tender right testicle 
Roentgenograms of the chest, shoulder and pelvic girdles, and lumbar spine were 
repeated, and still failed to show any evidence of metastases A radiograph of the 
skull, however, showed an area of rarefaction 4 5 cm in diameter m the right 
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parietotemporal region and several small punched-out areas scattered throughout the 
skull A cystogram of the bladder revealed a filling defect involving nearly all of 
the left hemisphere of the bladder Cystoscopy showed an irregular infiltrating tumor 
which entirely filled the left half of the bladder Several pieces of tissue were taken 
with a biopsy forceps and again showed an osteogenic sarcoma The serum alkaline 
phosphatase at the time of his second admission was 6o 

On March 29, 1943 a subcutaneous nodule i 5 cm in diameter, which had fiist 
made its appearance one week before and had been increasing rapidly in size, wis 
biopsied, and the specimen reported to be osteogenic sarcoma The patient continuid 
progressively downhill One month before his death, the suprapubic scar broke dow 1 
and he began to dram urine through the opening Two other subcutaneous noduks 
made their appearance, one above and one below this opening His urea nitrogui 
which had been 35 o and creatinine 3 2 at the time of his second admission gradually 
rose to 80 0 and 5 2, respectively He became progressively more drowsy and finallv 
comatose two days before his death His alkaline phosphatase was 80 at this time 
The acid phosphatase ranged from 0 5 to o 6 on repeated determinations He had a 
generalized convulsion 12 hours before his death His respirations became laboied 
and his pulse weak, and he finally died on May 24, 1943, four and one-half months 
after his operation, and ten and one-half months after onset of symptoms 

PATHOLOGIC STUDIES 

The original tumor (S 43-48) was removed m pieces varying from 06 to 6 cm 
in diameter and weighing 104 Gm Es-ternally, the fragments vere rough and irregular 
and had a brown, encrusted surface The cut surfaces were white, hard, and gritty 
Jklicroscopically (Fig 4), multiple sections showed irregular anastamosing bands t 
a dense, acellular, eosinophilic material between which were single or small gioups 
of polyhedral to spindle-shaped tumor cells with large, central, oval to round, vesicular 
but hyperchromatic nuclei At many points, these cells were arranged along the margins 
of the intercellular substance like osteoblasts Large osteoclastic giant cells were present, 
and there were also groups of cartilage cells Mitoses weie numerous and the tumoi 
could be seen invading capillaries A crystal violet stain for amyloid was negatne 
Mallory’s aniline blue and phosphotungstic acid-hematoxylm stains were negative for 
intracellular fibrils, and Weigert’s stain for elastic tissue showed none within the 
tumor Subsequent biopsies of the bladder tumoi (S 43-209) and incisional metastases 
(S 43-275) occurring during life showed an identical histologic structure and wtie 
similarly interpreted Pathologic Diaguots Osteogenic sarcoma 

The prostate (S 43-84) weighed 10 Gm and showed a typical benign adenomatous 
hyperplasia, chronic prostatitis, and two small foci of irregular arrangement of the 
glands interpreted as microscopic foci of adenocarcinoma 

The autopsy (A 43-1591) was performed about 30 minutes after death, onh the 
positive findings are given Inspection The body was that of an emaciated, adult, 
white male The abdomen presented two nodules located m the midline just above 
the symphysis pubis Each measured about 5 5 cm m diameter, was firm, and covered 
by a flattened, tense, bluish skin Between the two nodules was an opening 03 cm 
in diameter which communicated with the bladder The right lower CNtremitv 
presented a deformity of the tibia 3 cm above the internal malleolus which was a 
hard, bony thickening measuring 4x2 cm at the site of an old fracture Onh 
the inguinal lymph nodes were enlarged and these were all less than i cm m diameter 
Peritoneal Cavity The pelvns contained a large mass, about 18 x 10 cm, contiiiuo'ts 
with the bladder and the skin nodules There weie no adhesions between the mass 
and any abdominal organs, and it did not mvade the rectum Thorax About 10 cc 
of fluid was present m each pleural cavity, and the pleural surfaces of each lung 
contained multiple hard white tumor nodules, o 3 to 2 cm in diameter Heart Negative 
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Aoita Moderate atherosclerosis of the abdominal portion Lungs The left weighed 
325 Gm , the right 450 Gm Each showed multiple pleural and parenchymal, circum- 
scribed, hard, white tumor nodules o 5 to 2 cm in diameter Spleen Negative G I 
Tract There was a Meckel’s diverticulum, 5 x 3 cm , of the ileum, and a few small 
(02 cm), white nodules m the mesentery at the edge of the small bowel Pancreas 
and Liver Negative Kidneys The left weighed 80 Gm , the right 150 Gm Eacn 
showed a marked dilatation of the ureter and pelvis and contained a yellow, purulent 
material The surfaces were iriegularly granular and showed flat depressed scars 
and small, j'ellow abscess nodules 01 to 02 cm in diametei On the cut surface 
the pyiamids were indistinct Adrenals Negative Bladder (Fig 3) Aleasured 
about 12 cm in diameter and was entirely filled by a grayish-green, cauhflower-like 
growth growing from a broad base covering most of the posterior and superior bladder 



Fig 3 — Gross specimen hemisected longitudinally The bladder with the fungating mass, lies to 
the right To the left is the anterior bladder wall and the huge mass of tumor invading the abdominal 
wall Shin and pubic hairs may be seen at the left margin 

walls On section, the mass was hard, gritty, firm and white The posterior bladder wall 
was thickened, measuring 3 cm , and was also firm, white, and gritty, being diffusely 
infiltrated by tumor tissue The anterior bladdei wall was o 4 cm thick, gray-green 
and necrotic The meters opened directly into the tumor mass and were markedly 
constricted by it Genital Organs Negative save for suigical absence of the prostate 
Bone Mai row Negative Lymph Nodes Negative, none showed any tumor metastases 
Head The skull showed no evidence of metastatic tumor and the brain was negative 
Micioscol’ic Tumoi Sections of the bladder tumor, bladder wall infiltrated by tumor, 
skin nodules, mesenteric and pulmonary metastases all showed a similar histologic 
picture identical with that described in the original surgical specimen (S 43-48) The 
tumor cells resembled osteoblasts and there w'as much osteoid material, osteoclastic 
giant cells and cartilage (Fig 4) Mitoses were numerous Stains for alkaline phos- 
phatase (Fig 5) show'ed large amounts in the cells and intercellular tissue of the more 
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cellular portions and none in the osteoid material Stains for acid phosphatase were 
negative Kidneys Showed interstitial scarring and lymphocytic infihtration, with 
compression of the tubules, many of which contained colloid-like casts Some contained 
masses of bacteria and neutrocytes Meckel’s Diveiticulum Contained gastric mucosa 
libia and Skull Negative for tunioi tissue 

Chemical Aualysi<; H Q Woodard, PhD, of Memorial Hospital, NYC 
extracted the tumor and the nietastases and determined the phosphatase activity at 
different pn levels (Fig i) In the acid range less than 65 units per Gm were 
piesent but in tbe alkaline range there was a sharp increase to 105 units per Gm at 
a pn of 9 5 

Anatomic Diaqnoscs Osteogenic sarcoma of the bladder with metastases to the 
abdominal wall, pelvic cavitj% lungs and intestinal seiosa, chronic cystitis, chronic 
pyelonephritis , bilateral pyonephrosis and pj'oureter , vesicle sinus , Meckel’s divei ti- 
culum with heterotopic gastric mucosa , aspermatogenesis of the testes , cysts of the 
choroid plexus , healed fracture of the right tibia , and moderate aortic atherosclerosis 

Discussion — Hei ewe have a malignant tumor, w'hich both m the original 
and in the metastases is producing bone vvitli po^diedral to spindle cells 
lesemblmg osteoblasts, an osteoid stioma osteoclastic giant cells and caitilagc 
From a purely Instologic viewpoint it should be classified as an osteogenic 
sarcoma This diagnosis is substantiated by the chemical exti action of the 
tumoi showing little or no phosphatase activity in the acid lange and a 
shaip rise in phosphatase activity in the alkaline lange to a maximum o'" 
105 units at a /in of 9 5 (Fig i) Such a cuive of phosphatase activity 
has been found b} AVoodard,'* and by Woodard and Higinbotham only 
in the moie cellular (lapidlv growing) forms of osteogenic saicoma The 
diagnosis is fuithei suppoited by the histochemical distiibution of alkaline 
phosphatase occuiiing both intiacelliilai ly and inteicellulai ly. as desciibed 
by Gomoii,^’ and b) Kabat and Fuith’- in osteogenic tissues and tumors 
lOf final confirmatoiy value is the progiessive rise in serum alkaline phos- 
phatase duiing life (Fig i) It is of inteiest that following the fiist excision 
of the tumor when proliferating osteoblasts weie minimal the serum alkaline 
phosphatase was low Then as the tumoi lecuned and inci eased in size, the 
phosphatase values of the seium lose piogiessiveh , piactically paiallehng 
the lecuirence of the tumor tissue This is in accoid with the observations 
of Franseen’^ on primai}' bone tumoi s 

What IS the oiigin of such tumors^ Two possibilities have been sug- 
gested by pievious wnteis Fi,st that they lepiesent a metaplasia of 
bladdei mucosa, and, secondly that they aie deiived fiom embiyologic rests 
of the w olffian body from w Inch the ti igone of the bladdei develops Sarcoma 
of the bladdei is a rare tumoi in itself and of the 151 cases collected from 
the liteiature only nine or six per cent may be called osteogenic Considei- 
mg the much greater fiecjuencv of cdicinomata the question arises as to 
w hethei these bone-pi oduemg tumoi s are not examples of extreme metaplasia 
occurring m epithehal tumors That the\ do pi.oduce bone must be 
admitted but if the cells are epithelial one would then have to accept the 
term ‘ osteogenic cai emoma Sev'era! items sei ve to add interest to the 
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alkaline B-glyei ophosphatase White, Dalton and Edwards’® have noted 
that these induced hepatoinata fiequently calcify However, in none of these 
instances is there a phosphatase content as high as that reported in osteogen c 
sarcoma Kabat and Furth’- have desciibed large amounts of phosphatase 
occurring in the epithelium of the renal pelvis and the bladder mucosa of 
mouse embryos, and this lessens the diagnostic value of the histochemical 
demonstration of phosphatase in regaid to settling the question of the 
nature of the prohfeiatmg cells in these osteogenic tumors Since phosphatase 
plays an important role in bone formation, the possible derivation of such 
tumois fiom these phosphatase-rich cells must be considered However, this 
would entail the admission of the development of bone and cartilage from 
epithelial cells, othei evidence foi which is lacking both in normal tissues 
and tumois of the genito-unnary system in which the occurrence of bone 
IS infiequent Chemical and histochemical deteiminations on epithelial 
tumors of the bladder will seive to claiif} the subject 

It IS more plausible to assume that the phosphatase content of the 
epithelial cells may influence subsequent development of tumors derived 
oiiginally from mesodeimal elements Neuhof’" has shown that transplants 
of fat and fascia to the bladdei of dogs ossify This, he interpreted, as 
metaplasia due to the stimulation of calcium salts derived from the unne 
This along with the infiequency of ossification of the epithelial tumors of the 
bladder suggests that the ossification is due to the stimulation of mesodermal 
elements Huggins’”' has shown that bladdei, meter and lenal pelvis 
epithelium stimulate the formation of bone about transplants made into 
certain parietal fascias (lectus sheath, fascia lata and subcutaneous tissue) 
and in muscle and synovial membrane in the dog This effect he attributed 
to the high calcium and phosphoious content in cysts developing at the 
site of the epithelial transplants and a greater peimeability of the newly 
formed epithelium lining the cysts Urinaiy epithelial transplants into kidney, 
liver, spleen and the connective tissue wall of the bladder did not ossiH 
and Huggins differentiated, on physiologic grounds the fibrocytes developing 
around transplants in these locations from those of fascia where ossification 
occurred This latter finding lends further support to the concept that 
osteogenic tumors occurring in the bladder of man develop from embryologic 
rests stimulated by both the phosphatase content of the urinaiy epithelium 
and Its ability to cause high concentrations of calcium and phosphorous locally 
The frequent location of sarcomata of the bladder in and about the trigone 
(Table II) has been interpreted as evidence of their origin from remnants of 
the wolffian body from which the trigone is developed While only fifty 
per cent of the cases reported clearly indicate an origin m the region of the 
trigone fully half of the remamdei also involved this region Numerous 
dermoid cysts containing skin, hair, teeth, bone, cartilage, etc, have also 
been reported in this location The combined evidence would indicate 

that mesodermal elements derived from the wolffian body may persist m the 
region of the tiigone and give rise to benign or malignant tumois of varied 
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Table II 

SHOWING THE ACr AND SL\ DIbTRinUTION or REPORTED CASES AND THE S^MPTOMS LOCATION OE TUMORS 
AND Till HISTOLOGIC T^ PI S OCCURRING AT VARIOUS DECADES^ 

Not 


Arc in Decides 

1-9 

10-19 

20-29 

30-39 

40-49 

50-59 

60-69 

70-79 

80-89 

Given 

Totals 

Cases 

M 19 

6 

6 

8 

12 

22 

11 

9 

1 

9 

93 


F 11 

3 

3 

7 

6 

11 

4 

2 

I 


48 151 

Sy mptoms 












Hematurn 

11 

6 

1 

10 

13 

20 

10 

8 

0 

2 

84 

Dy suna 

9 

3 

0 

5 

9 

12 

10 

4 

0 

1 

53 

Frequency 

n 

2 

0 

7 

8 

9 

7 

4 

1 

2 

53 

Other (pain cystitis, mass) 

16 

I 

8 

4 

5 

11 

8 

4 

1 

0 

58 

Location 












About trigone and ureters 

14 

2 

6 

7 

6 

12 

7 

3 

1 

4 

62 

Elscw here 

13 

7 

2 

6 

12 

9 

6 

5 

1 

1 

62 

Pathologic diiRiiosis 












My 0 or Icionn osircoma 

3 

2 

0 

2 

1 

4 

2 

3 

0 

2 

19 

r ibrosnrcomi 

2 

0 

1 

0 

0 

4 

1 

0 

I 

0 

9 

Myxosarcoma 

3 

I 

0 

1 

0 

1 

0 

0 

0 

1 

7 

Probable Iciomy o or fibrosirconn 











Round cell 

S 

0 

2 

1 

4 

10 

1 

1 

0 

2 

29 

Spindle cell 

3 

2 

4 

1 

1 

1 

1 

2 

1 

2 

21 

Mixed cell 

2 

1 

0 

2 

2 

1 

3 

1 

0 

0 

12 

OslcoRcmc sirconn 

1 

0 

0 

0 

1 

2 

3 

1 

0 

1 

9 

Malignant ly mphonn 

1 

0 

0 

2 

3 

1 

1 

0 

0 

0 

8 

Rliabdomy osarcoma 

8 

1 

0 

0 

0 

0 

2 

0 

0 

0 

8 

Sarcomi (? ty pc) 

2 

0 

0 

1 

3 

7 

1 

2 

0 

1 

17 

Other 

3 

2 

2 

2 

0 

2 

0 

1 

0 

0 

P 

Distant mctastasci, 












Lung 

2 

0 

0 

0 

0 

1 

3 

1 

0 

0 

7 

Li\er 

0 

0 

0 

1 

0 

1 

1 

1 

0 

1 

5 

Other 

0 

0 

0 

3 

0 

0 

3 

1 

0 

2 

9 


*T1hs table IS computed from the cnscs reported bj Albcrran ones added bv Wilder and those 
collected from the literature since 1 90S and outlined in Tables I and 111 Reports by Munwcs^^ and Cecil 
Ru e man> more cases but the \ arious senes listed by them probably represent much reduplication Carcino 
Sarcomata hat e been omitted 

I 

cellular structure latei in life In pioclucing only local extension and hema- 
togenous metastases this paiticular tumoi, and the othei cases lepoited, have 
behaved as do the saicomata The histologic stiuctuie of oui tumoi, the 
location of the eaily lesion in the region of the tiigone, and the occurience 
of a second embryologic abnoimahty m the Meckel’s diverticulum with 
heterotopic gastnc mucosa, all lead us to feel that the piobable origin of this 
tumoi is fiom mesodermal remnants of the wolffian body This piobably 
applies to the other leported cases of malignant osteogenic tumors of the 
bladder as well 

The possibility of oiu tumoi representing a sclerosing tumoi of fibro- 
blastic (desmoid) oi smooth muscle origin is unlikely in the absence of any 
intracellular fibrils with the various special stains despite the fact that the 
tissue was fresh and fixed immediately The absence of elastic tissue also 
supports this concept 

BLADDER SARCOMA 

and 5'cr In our series, cases occurred in all decades, but with 
a much highei incidence in the first decade, and a second peak in the fifth 
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decade The piopoitioii of male to female cases is about 2 i, and this 
agiees with the statistics pieviously assembled b}^ Cecil 

Pathology Giossly, the tumoi may be either localized 01 diffuse The 
vast majority of the localized tumoi s occuiied 111 01 about the trigone, fie- 
quently developing neai one of the uieteial oiifices The diffuse giowths 
also often involved the tiigone and' those tumoi s repoited in Table II as 
being located elsevheie usually involved this structuie as well Many of the 
tumoi s have been polypoid 01 pedunculated, or started out in that form as 
did oui case 

The histologic valiants aie indicated m Table II The great bulk of the 
tumoi s aie either leiomyosaicomata or fibiosaicomata, paiticularly if one 
includes the lound, spindle and mixed cell types in this gioup We believe 
they should be so consideied The most unusual cases repoited have been 
the plasmocytoma lecoided by Leioux,'*’^ an angiosaicoma leported by 
Gaiofalo^^ and a case of multiple hemoiihagic sarcoma of Kaposi, published 
b}'^ Eljasz The caicinosaicomata have been puiposely omitted because 
of the unsettled question as to the actual natuie of then cellulai components 
Diagnosis The clinical aspects of the vaiious saicomata do not offer 
any diffeiential points fiom the caicinomata of the bladdei Hematuiia 
IS an almost constant symptom (Table II), and it may be constant or intei- 
mittent, massive 01 slight Dysuiia, frequently vith seveie pain and fie- 
quency, aie the next most fieqiient symptoms Since the tumors grow 
lapidly, uiinary obstuiction develops early, so that var}mg degrees of 
fiequency, incontinence and letention follow Occasionally tissue frag- 
ments aie passed in the uiine and recognized 

The clinical diagnosis is siinpl}'- that of bladder tumor, the diagnosis of 
sarcoma being entiiely a histologic one 

Com sc The tumoi s glow lapidly and infiltrate locally, so that the 
majority of the cases die in less than six months It is interesting that 
so few of the cases have shown blood stieam metastases, the moie usual 
extension being thiough the bladdei and neighboring tissues Involvement 
of one 01 both uieteis is almost constant, so that hydionephrosis, pyelone- 
phritis and mtiogenous letention usually occiii and are fiequentty the im- 
mediate cause of death along with cachexia 

Therapy has been attempted by both complete cystectomy and ladium 
and roentgenotherap}^ Seveial cases have suivived for one year, as shown 
by the reports assembled in Table III, but to date no five-year cuies have 
been repoited Since metastases occui by local extension and infiequently 
by the blood stieam, complete cystectomy, as suggested by Cecil,'''’ should 
be attempted vheieier possible 


SUMMARY 

I A case of primal y osteogenic sarcoma of the bladder containing large 
amounts of alkaline phosphatase histologically and showing a range of 
phosphatase activity identical with that of primary osteogenic sarcomata of 
bone is recorded 
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2 The possible ongin of osteogenic tumors of the bladder fiom urinary 
epithelium (metaplasia) and embiyologic lests (wolffian body) is discussed 

3 A high alkaline phosphatase content in a tumoi bj chemical and histo- 
chemical methods \ihile chaiacteiisiic ol osteogenic sarcomata should not be 
legal ded as diagnostic until we have fuithei knowledge of the phosphatase 
actiMU of tumoi s denied tiom cells noimally iich in phosphatase, as those 
ot bladdei mucosa and kidney 

4 The literatuie of saicoma of the bladdei has been leviewed and the 
chaiacteri sties of the laiioiis saicomata of the bladdei outlined 

5 Saicoma of the bladdei occiiis in all age-gioups, but with peaks in 
earl} and latei life Histologicalh , the tumors aie most fieqiiently fibio- 
saicomata oi leiomyosarcomata or valiants of these 

6 The diagnosis of saicoma of the bladdei is entnely a histologic one 

7 At piesent ladical and complete C}stectom\ otters the onh chance 
of a cuie 

\\ c are indebted to Dr H (J W'oodaid ot Memonal Hospital N Y C, for 
the phosphatase studies on this tumor, to Dr \ P Stout of the College of Ph3Sicians 
and Surgeons NYC, lor ins interest and suggestions, and to Misses Edith Carnej'^ 
and Antoinette DeVito ot St lohns Hospital. Biookhn, foi then nnaluable technical 
assistance 
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Cobb Pilcher, M D 

Xashmiii, Ti x> 

FKOM THL DEI’VRTMLNT Ot SI/KGLR1. \ANDIKniLT UM\ ERSIT^ SCHOOI OI MEDICINE, NASHVILLE, T! NN 

To REPORT a Single case of so common a lesion as a meningioma ^\Ollld 
be unjustifiable uere it not that I beliCAc the tnmoi in question to be the 
laigest mtiacianial neoplasm e\ei leported Removal of the mass was suc- 
cessfully earned out and ieco\ei\ uas iine\entfiil In addition, the case 
illustrates the piepondeiance of symptoms lefeiable to stiuctures in the 
posteiioi fossa which ma} sometimes accompany a mass on the superior 
suiface of the tentoiium ceiebclh 

Case Report — U Hosp No 116805 J L 0 , white, male, age 25, was 
referred b\ Dr F H Boohci, of Ljnchburg, Tenn , Septembei j6, 1941, because 
of headaches and failing \ision 

For many jears lie had suffered from repeated attacks of bionchial asthma, sometimes 
requiring epinephrine for relief Thiee jeais before admission, he was jaundiced for 
a few da>s There had been no other significant illnesses or injuries One grand- 
mother had suffered from mental disease of unknown nature 

Fifteen months prior to admission he began to have bitemporal 01 generalized 
headaches of slowh increasing freq lencj and duration Three months later, the 
headaches were sometimes associated with Aertigo and occasional vomiting, and he 
began to be unsteadj in walking For eight months, he had noted progressive loss 
of hearing in the right ear without tinnitus, some impairment of his sense of taste 
(“sweet things taste bitter”) intermittent difficult} in sw'allowing, and occasional 
hoarseness During the two months prior to admission, his vision had failed rapidly 
in both eyes 

Phvsical Examination — The patient was aleit and cooperative Memorj and 
speech were normal His neck w'as stiff, and his head w'as held in a retracted position 
Vision W'as limited to perception of movmg fingers at tw'o feet The visual fields could 
not be determined The pupils reacted normally There w’as marked bilateral papille- 
dema, w'lth advanced secondarv optic atrophy \ slow, coaise nystagmus w'as present 
on lateral gaze to cither side, equal in each diicction The fifth and seventh cranial 
nerves w'ere unaffected Hearing tests show'ed that air conduction was almost nil, 
?nd bone conduction greatl} reduced on the right The Webei w'as refeired to the 
left The gag reflex w'as not obtained on eithei side, but pharyngeal sensation seemed 
normal Swallow'ing, phonation and tongue movements w'ere normal at the time of 
examination 

Strength w'as equal on the tw'o sides, and no loss of sensation W’as found The 
reflexes w'ere normal and equal Babinski’s sign was not present There w'as no clonus 
Coordination was good in the upper extremities but the patient w'alked wnth a broad 
base and w’as very unsteady He veered to the right and tended to fall to the right 
There was a pigmented mole over the sternum, and a small, firm, subcutaneous 
nodule, possibly a neurofibroma, just below' the left clavicle 

Laboratory observations w'ere noncontributory Roentgenograms show'ed marked 
thinning of the entire skull with greatly increased “convolutional” markings In the 
e region of the lambdoidal suture on the right was an area of thickening, suggestive 
0 hyperostosis, but there was no sunounding increase m vascularity All sutures 
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were maikedly sepaiated The sella turcica was largei than normal and the dorsum 
sellae W’as eioded Ihere w'as model nate erosion of the petrous ridge on the right 

The tentative pieoperatne diagnosis w'as right acoustic tumor, but because of 
atypical features ventiicular estimation and, subsequenth', venti iculograph}" W'ere earned 
out Ventiiculograms show'cd the right ventiicle displaced anterioil)' and flattened on 
its posteiior aspect, evidently by a light occipital mass (Fig i) Removal of the 
lesion W'as undertaken immediately 

Opciation — September 25, 1941 Under intratiacheal ether anesthesia, a large 
osteoplastic flap was turned dow'ii in the right occipital legion, extending to the lateial 
sinus posteriorly and almost to the longitudinal sinus mediallj' The bone w'as exceedinglv 



1 lo 1 — \ cntnculognm showing the anterior displacement and posterior compression of the right 
%entricle by the enormous tumor in the right occipital region 

thin (indeed, in several spots, its entire thickness w'as eroded) except in the thickened 
aiea seen in the roentgenogi ams This area w'as slight!) adherent to the dura, but 

was easily separated When the flap was reflected the adherent area of duia was seen 

to show' the charactci istic radial “puckering” indicating an undei lying meinmgioma 

\ cncular incision w'as made m the duia to include the adherent area and the 
lemainder of the duial flap w'as icflected scpaiately, leaving this area attached to the 
enoimous tumor which w'as thus brought into view' An aiea of tumoi -surface about 
hve centimetcis in diameter w'as exposed Numeious large vessels connected it w'lth 
the surrounding cortex laterally and anteriorly Gentle dissection posterioily and 
medially show'ed no invasion of, or direct attachment to, the great dural sinuses The 
superficial vascular connections w'cie coagulated or clipped and divided, and the dissection 
of the cortex from the surface of the tumor begun It became apparent immediateh, 
how'e\er, that the mass extended so far beneath the brain that it could not be removed 
intact w'lthout irreparable damage Accordingly w'lth the elcctrosuigical loop, a large 
intracapsular exca\ation was produced This greatly reduced the size of the lesion 
and allow'cd partial collapse of its w'alls It w'as then possible gradually to enucleate 

the remaining mass intact Deeper vdscular attachments w'erc troublesome, but w'ere 

secured w’lthout excessne difficult) The central defect in the dura was left open, 
the w'ound closed, and the patient given a transfusion 

Poslopciativc Couise — Recovery was uneventful except for some tcmpoiary accu- 
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niulrtion ot ccicl)!Osi)mal (\iw\ (whicli had escaped thiongh 
scalp When dischaii^cd on llu -'7th postopeialnc da^ 
weakness, hut without staggenng 


tlic duial defect) undei the 
Ik walked with cxidence of 



Immediatelj alter opeiation, he w'as unable to percene light, bat at discharge 
he could count fingers at three feet Four months later, the vision in the right eye w'as 
2/200, and ten months after dischaige it w^as 5/200 in each eye At the last examina- 
tion, 20 months after operation, th( Msion w'as unchanged, and there w'as maikcd 
secondan optic atropln No othei sjmptoms 01 signs w’Cie piesent 
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Pathologic E\aminaiw)\ — Gioss The tuinoi (Fig 2) was nearly spherical, with 
a diameter of 12 cm Its weight was 374 Gm The capsule w'as smooth, thick and 
intact except at the area of excavation (which had included the dural attachment) The 
tumor substance was firm, slightlv granular in appearance, and apparently perfectly 
uniform thro ighout 

Mxci oscopicallx, the tumoi was a typical meningioma of fibroblastic tjpe The 
elliptical cells were arianged in parallel streams and whorls and were supported by 
a fine collagenous netwoik It was very vascular Very rare mitotic figures were seen 

Comment — The fieqtiency with w'hich the slowly growing meningiomata 
attain great size has been discussed in man> publications Cushing and 
Eisenhardt^ cite numerous reports of large tumors, the largest of which was 
the otherwise unpublished 341 Gm meningioma removed by Hoen The 
largest m Cushing’s senes of 313 meningiomata w'eighed 310 Gm Davidoft- 
removed, m three stages, masses of tissue aggi egating 835 Gm , but this 
included an enormous hyperostosis of the skull 

So far as I am aware, theiefoie, the meningioma reported heiein exceeds 
in size any primary intracranial tumoi previously removed 

As already mentioned, the sjmptoms m this case were, for the most part, 
leferable to the posterior fossa and were probably attributable to compression 
and displacement of the cerebellum and biain stem by the huge mass lying 
on the supeiior surface of the tentorium 

SUMMARY 

The successful lemoval of a meningioma weighing 374. Gm is leported 

REFERENCES 

1 Cushing H, and Eisenhardt, L Meningiomas Chailcs C Thomas, Springfield, 

111, 1938 

2 Davidoff, L Meningioma Repoi t of an Unusual Case Bull Neuiol Inst ,6,300,1937 


* At several secondary operations, Cushing removed recurrent masses of tumor 
exceeding 400 Gm 
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FROM THE DnP\RTMrNT 01 bCKGLR'V, ST\MORD UM\1 RSITS SCIlOOl OF VI DICINL, SVN rR\NClbCO. C\! IF 

Amerior s\cr\l memngocu.l is of sufficient unit} to waiiant the 
report of another case successfully lemoved suigically T^^o othei cases, 
untieated. aie included in this lepoit Collei and Jackson^ have leviewed 
the hteiatuie and haAe lepoited then case, with a desciipt’on of the opeiative 
ti eatment employed 

In summai izmg the aiticle of Collei and Jackson, only 23 cases, including 
their own, weie found in the hteiatuie Then case made a complete lecoveiy 
after suigical ti eatment Of the lemaming cases lepoited m the hteiatuie, 



Fig 1 — Case i Roentgenogram hliowing absence of sacrum on left Air in bowel 
obscures first and second sacral segments 


18 weie lieated, wnth a moitality of 44 pei cent Of these 18, eight w^eie 
ciiied, and tw^o lemained the same The first case w^as described by an 
anonymous surgeon in 1837 The latio of occuiience was of 20 3 females 
to males Most of the cases occuiied m the second and thud decades of life, 
and commonly weie found as complications of menstiual disturbances and 
of pregnancy Attempts to open the tumoi through the vagina met with 
death from meningitis (Kronei, m 1881, and Thomas, in 1885) The 
first successful operative appioach w^as m 1903, by Pupovac, wdio employed 
a dorsal incision, exposed the tumoi, resected pait of its w^all, and closed 
the remainder of the sac upon itself with sutuies Giossman, in ngo6, 
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exj^osecl the iDedicle of the tumor through a postenoi incision and sutured 
It to the periosteum of the sacium Coqui, m 1916, and Roux, in 1918, 
both exposed the pedicle of the sac at celiotomy and ligated it, with resultant 
cuie In 1929, Drennan employed the posteiior appioach unsuccessfully 
In 1938, Santy, thiough a posterior apjjioach, removed the meningocele and 



Tig 2 — Cnse 2 Roentgcnognm showing markedly deformed sacrum and loner 
lumbar vertebrae 


two deimoids A ceiebiospinal fluid fistula drained foi six months, but the 
patient made a good lecoveiy 

In the case repoited by CoHei and Jackson a letropeiitoneal tuinoi of 
other origin w’as suspected pi eoperatively The tumor was first approached 
thiough the abdomen, but because the exposure was inadequate, the patient 
w^as placed m the prone position, and through a posterior incision juit 
lateral to the midlin“ the tumor was exposed and the pedicle ligated with 
silk The sac w'as left intact after it had been aspnated No nerves w'ere 
found within the sac A small pack was left against the ligated pedicle and 
brought out through the w ound Pcstoperatively, the hips w ere kept elevated 
above the level of the shouldeis for six days, and the foot of the bed elevated 
for about 13 days The wound healed in 41 days 
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Ot the ihicc cascij liciein lepoitcd, only one complete hibtoiy and opei- 
atne puKcduie i"? axadablc (Cai«c 3) Ca^es i and 2 did not come to 
burgeix and aic lepoitcd thioiigh the comtes\ ol Di Don King 

C VSL lUa'OHTS 

Case I — G MtW, white leiiiale, aqc ^o, niariitd, cnlciccl the hospital in March, 
1940 with the toniplaint ot pain in tiie hack and slioitiicss of breath For sc\eial 
\ears before entr\ she had lieen followed with no pailicilar complaint eveept for 
occasional pains in both lep'' I'leiinent examinations dtirmi; this period weie iin- 
reieahng Three months hclore entr\ she had had pneiinioma ITicre was no histO'-\ 
ot rheumatic ic\er She had home children without diflieult} 

PIsvsual n\(vniit(ittim — Temiierature was 482° C, pulse 140, respnations 30 
Blood pre-surt 160/60 She was pale and hei hark could hardh be touched because 



Fig 3 — Cn«c 3 Anteroposterior Tiid laternl roente'ciioKniiib sliowiiic nnrked defect of left 
portion of sacrum 


of se\cre pain Positnc ph3sical rmdmgs included rales o\ei both hing fields, posteiiorlj 
A. diastolic murmur was hcaid along the lett sicuial bolder and at the 'aoitic and 
pulmonic areas A large, smooth lumoi was palpable m the left pehis, on 1 octal 
examination A roentgenogram of the saciiim showed a complete absence of the 
sacrum on the left (Fig i) Successne blood culUiies siiowcd 50 to 200 colonics 
of hcnioljtic streptococci Numerous otliei lahoraton studies wcic made in relation 
to her septicemia 

Thinking that the pchic mass might be an abscess, she was operated upon for 
incision and drainage The t imor was approached through the left buttock, but 
when it was seen tliat the subcutaneous tissues w’tre not edematous, aspiration through 
t e incision jielded no pus The wound A\as closed Aspiration was then done through 
t e sacral defect, and cerebrospinal fluid was obtained The pehne mass disappeared 
following the aspiration 

Her blood cultures remained consistently positive until a few^ days before death, 
m spite ^of chemotberapj and transfusions Her temperatarc varied betw^een 38® C 

395 C She died 18 daj's aftei admission to the hospital 
ase 2~T T , white, male, age 29, enteied the Bone and Joint Seivice 111 
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October, 1940, for correction of a chronic ulceration of the skin over the cuboid bone 
of his right foot 

He had been born with a soft tumor over his sacrum, but without other noticeable 
deformity He was noiinal throughout infancy until the age of four when he had 
a serious prolonged illness, diagnosed as “cholera morbus,” characterized by seveie 
diarrhea and high fever A.fter this illness, he had difficultv in walking It was noted 
that he had a “stamping” gait with the left foot, and that the right ankle turned 
completelv o\er so that he walked on the lateral side of the foot During the course 
of the illness, urinary incontinence developed which persisted until he was 14 years old 
Since that age, he had regained control of his uiination, but had had frequency 
Uiethral dilatation a jeai before entiy markedlj improved his frequency Since 
the boyhood illness he had had numerous pressure sores ov'er his ischiae and over the 
lateral side of his right foot 



Tig 4 — Cise 3 Spot fluoroscopic film. Anteroposterior \ie\\ of lumboswril region 
just after Iipiodol injection Lipiodol outlines caudal portion of subanclinoid space, but 
does not enter meningocele 


PItvstcal Exaiiiimtwii — Anal sphincter tone was present, but thought to be di- 
minished There was a soft semifluctuant mass, about 10 cm in diameter, over the leit 
side of the buttocks, overhing a palpable defect in the left side of the sacrum The 
mass was also felt rectallj Pressure oter the mass produced a headache The right 
leg w'as in maiked equinovarus, with w cight-beai ing upon the cuboid bone The right 
foot was in marked calcaneoca\ us position Hypesthesia was present onlj over the 
feet and peiineum 

A roentgenogram show’ed malformation of the entire sacrum (Fig 2) Osteo- 
myelitis of the right cuboid bone of the foot was also noted Aspiration of the sacral 
mass was not attempted Since he had no s3'niptoms referable to his meningocele, no 
surgical treatment was ad\ised His right leg w’as amputated below' the knee He 
made a good reco\er\ from this operation 

It should be noted that the meningocele was palpable posteriorlv as w'ell as rectally 
in Case 2 The osseous aiiomalj m\olved the entire sacrum and low'er lumbar vertebrae 
in this case 

Case 3 — H E , white, female, age 29, unmarried, entered the hospital m September, 
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1942, complainnic ot htelong tonsUp.Uion She soaght medical advice when !a\ati\es 
no longer had cfi<tt She had no othci semptom^. of itctal disease She had alwa3s 
been healtln, otheiwisc Iki inen.iuhe was at ir jcais Mcnsttual pciiods weie regulat 
ewen 2S-30 da\s. lasting ^-6 da\s with se\ere d\ sincnoi 1 hca during the first two daj^s 
of tlie period 

PJnmal EMiwtmilioit — No Ininoi was paljialile ahdoniinalh Pchirectal txamina- 
tion re\ealed a huge mass which tompkteh filled the left pehis, ciossmg the midline 
The rectal imieosa was treeh moiahit o\ei it and the mass was slighth compiessible 
The icctum was displattd to the light Tlie nieius was antciior and small Theie 
were no adnexal masses 01 teiideiness 

Roentgenograms ot the lowei lumbar spine and pehis showed a congenital absence 
of the left poition ot the sacium (I'lg 3) Iheie weie also anomalies of the 4th and 
5th lumbar \ertebiae 1 he ruhologists deteeted the pehie mass and suggested that 
It might be meningocele 1 he mass was tuither outlined with a barnim enema which 
showed the recinni to he displaced to the light and npwaids 

A lumbar puncture needle was inserted into the mass just to the left of the palpable 
bom sacrum \bout 200 ct oi eerebiosjnnal fluid wrs obtained without discomfort 



lie 5 — Antcronosicrior ^Il(l liUril \iiws of iicIms, iwo weeks iftcr introduction of lipiodol into 
suoanchnoid 'pice AH of Iipiodol is in tlic nicnineoctlc A few pirticlcs of lipiodol remain m 
spinal canal 


to the patient The mass disappcaicd after aspiration The following daj a lumbar 
puncture was done without difficultj, and r cc of lipiodol was introduced into the 
subarachnoid space Fluoroscopic examination showed the lower portion of the dural 
sac to be flattened as though pushed upon by a mass (Fig 4) None of the lipiodol 
was seen to enter the mass or lca\e the spinal canal (Fig 4) Fluoroscopic examination 
was done the following da>, and the hpiodo! still remained m the spinal canal Two 
^\eeks later, all of the lipiodol was m the pehic mass (Fig 5) The diagnosis of 
anterior meningocele was thus confiimed All of these procedures weie accomplished 
m the Out-patient Department, w'llh no discomfort to the patient except for low^ back 
pain while the lipiodol remained in the spinal canal 

About a month later the meningocele was approached through a posterior incision 
eginning over the 4th lumbar vertebra and carried dowm o\ er the sacrum After division 
of the fascia over the defect in the sacrum, a tumoi, about 14 cm in diameter, presented 
Itself The patient’s head and spine were lowered beneath the level of her hips The 
sac was opened No nerve elements w’cre seen within it The empty sac was then 
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completelj' dissected free of the pelvic viscera At its caudal portion, two nodular 
structures were encountered \\hich were thought to be coccygeal glands These were 
cauterized with 95 per cent alcohol The neck of the sac was small and the actual 
openings into the spinal canal was two and less than one millimeter in diameter After 
amputation of the sac, the openings into the spinal canal were closed with mattre»s 
sutures of silk The head of the table was elevated above the level of the hips No 
fluid was seen to emerge from the suture line The dead space was filled with normal 
saline, and the wound was closed with double medium silk sutures The wound was 
dressed without pressure A transfusion of 500 cc of citrated blood was administered 
during the procedure 

Postoperatively, she was given a low-residue diet The foot of the bed was 
elevated for about ten days On the loth postoperative day she developed infection 
in the dead space This was drained thiough the wound Her temperature gradualU' 
subsided to normal She w'as dismissed on her iSth postoperative day She had no 
signs of meningeal irritation at any time Her w'ound had healed by the 31st day, 
and she had returned to w'ork on the 33rd day after operation Six months after 
operation, she felt well, w'as normally active, and had little trouble with constipation 

SUMMARY 

1 Anteiioi sacial meningocele is a lare congenital anomaly associated 
with congenital absence of half of the sacium 

2 Symptoms due to anterior sacral meningocele aie those produced 
hy piessuie of the tumoi upon pelvic visceia, or displacement of the latter 
by the tumor 

3 Until lecent years, opeiative tieatment of anteiioi sacial meningocele 
has been attended by high moitahty fiom meningitis 

4 Successful removal of an anterior sacral meningocele is achieved 
thiough a posterior appioach 

REFERENCES 

Coller, F A , and Jackson, R G Anterior Sacral Afcningoccle Surg , Gynec and 

Obst, 75, 703, June, 1943 


918 



BOOK REVIEW 

Endoscoi’ic Frost \tic Sorcery By Roger W Baines, MD St Louis C V 
Mosb} Co, 1043 

The terms employed m uiologic siugeiy seem to be constantly unclei going change 
Though It IS baieK thntv jeais since the opeiation with which this monograph is con- 
cerned was first intioduced, it seems always to be assuming new' titles We have heard 
It called “transinethial,” “mteriirethi al,” “intra-m ethi al,” or “po weihtam” Again, 
It is “mtenention upon the piostate b} the endoscopic loute,” or perhaps “endoscopic 
excision” The title Dr Bciincs has chosen is peihaps, as good as any — if not bettei 
than most — and it is to be hoped niaj piovc sufiiciently authoi itative to provide a 
peinianent standaid tcim designating this paiticulai piocedme 

The liistorical section is unimpoitant and might be passed over w'eie it not that 
it seems necessaii to reniaik that the selection of zvliat ivas to be left out might have 
been made with moic wisdom and accuiacj The “Forewoid,” likewise, fails to give 
credit to several of tlie chief pioiieeis w'hose work contributed so much to the present 
high standing of the opeiation, both as to mechanical equipment and operative technic 
It w'as the men w’ho ne\er let then enthusiasm run away with their reasoned judgment, 
w'ho w'ete able to ecaluate, trul> the propei place of endoscopic resection, so as to make 
use of it only when all the circumstances combined to make that use logical, or even 
inevitable, w'ho reallj' brought the pioceduic to geneial acceptance 

Theie is no doubt, in the reciewer’s mind, that piostatic resection has come to stay, 
and IS m no wise a fad of the extremists But not until all uiologic surgeons realize 
that it IS applicable 011I3' in carcfullj selected cases, and should never be undertaken 
loutinelj’’, whethei 01 not the patient w'ould be better served b\ some othei type of 
intervention, that it will come to full usefulness The technic selected should be that 
best suited to the pathologic findings m aii}’- given case, and not the operation the 
surgeon is most skilful in perfoiming To perform the endoscopic proceduie properly 
requires exactly as much study and practice as is necessary for the suprapubic or perineal 
routes, as Dr Barnes most propei ly emphasizes, and no man is a competent surgeon 
unless he can perform all three W'lth equal piecision and success 

Along the Eastern seaboard the pioportion of excisions pet in ethi ant to the tw'o 
other types of procedure seems better balanced than m the farther West Our w'estern 
colleagues seem to be still sharpl}' divided — one faction being extremely conservatives, 
w'hile the othei pioclaims, on all occasions, that large numbers — if not hundreds — of 
endoscopic lesections have been perfoimed upon patients of all ages, w'lth prostates 
in all stages of hypertrophy, with almost 100 pei cent perfect results, and fewer deaths 
than follow the older piocedures 

Di Barnes, how'eiei, joins heithei faction He feels that a levelling-off process 
has been for some tune at w'Oik and that the indications for the use of the endoscopic 
route can be set up definitely bj' a lule fai more accuiate than that of-thumb The 
number of “recuri ences” piesented m the larger medical centers for reoperation, attest, 
only too eloquently, how often the method is uinvisely employed, and by those w'ho have 
not acquired sufficient skill to perform it properly, even wdien the indications point 
unerringly to the employment of the endoscopic route 

The chaptei on anatomy and pathology is clear and concise , the section on the 
piostatic blood supply being especially well illustrated and described Appropriate 
emphasis is laid on the likelihood and dangers of hemorrhage The w'hole area is often 
so hemonhagic that it is impossible to pick out the individual bleeding vessels and 
cauterize them separatelj' If a “mass” cauterization is given to all the tissue cut, deep 
sloughing IS almost sure to result, so that the necrosis is as extensive and dangerous 
as in other technics, which have been criticized on that account 

919 



BOOK REVIEW 


Anml's of Surgen 
>»o\emher 10 4'' 


Most excellent is the chapter on electric current modifiers It might well be 
thoughtfully read b/ every urologist who takes up this type of practice Because at 
least 50 per cent of his su-cess depends upon his mechanical equipment the most finished 
operator will be helpless if his machine fails 

Of the poition ot the book dealing with punch instruments, the reviewer does not 
feel qualified to speak because he is unfamiliar with this equipment This is due to 
the fact that he has found instruments of the McCarthy tvpe, with the fore-oblique lens 
s\stem afford cleai visualization at all times, making the “blind” maneuvering with 
this type of punch a most unsatisfactory procedure Dr Barnes’ description of his 
technic is brief clear, and to the point, and his consideration of possible emergencies, 
good There has never yet been an operator so skilful or luckv that he has not been 
faced with some of the accidents here enumerated Injury to the external sphincter is 
perhaps the r\oist that may befall — from the patient’s viewpoint at least — and the pre- 
cautions mentioned should be scrupulously observed The book offers many valuable 
suggestions 

Thom - vs J Kir win 
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PLANNED TIMING IN THE TREATAIENT OF WOUNDS AND 
INFECTIONS BY MEANS OF INFREQUENT 
OCCLUSIVE DRESSINGS 

Fraser B Gtjrd, M D , C M , Douglas Ackman, M *6 , C M , 

AND 

Frederick Smith, AI D 

MokiiUjVl, Cakadv 

FROM THE nnPVRTMENTS OF SURGnR\ AND BACTERIOl OG\ , MCGILL UMVERS1T\ AND THE DEPARTMENT OF 
SLiRGERI, MONTREAL GENERAL IIOSPITAI MONTREAL, CANADA 

This papcr is an attempt to show how well known suigical pnnciples 
can be coordinated and most successfully applied by oiganized, tiined technique 
The principles to which we allude, and which w^e believe aie 'soundly based, 
are w'ldely practiced in the treatment of wounds and infection , They include 

1 Efficient first aid by adequate occlusive diessing, lehef ©f pain, hemos- 
tasis and temporal y splinting ' 

2 Excision or debiidement of fresh w'ounds as advocated by Depage^® 
and by Pierre DuvaP^ duiing the first phase of the War of F914-1918, but 
w'hich had been enunciated by Desault^^ 111,1813 

3 (a) Surgical antisepsis or its moie lecent descendant," bacteiiostasis, 
as first practiced by Lister, ^ but wdiose lOots aie much oldeF 

(b) Surgical asepsis as first advocated by von Bergman# in 1888 

4 Wound (curtain) drainage by the employment of jbacking gauze 
impregnated wuth liquid paiaffin, as first urged by Rutherfoid Moriso#^ 
and subsequently by Gui d,^® McKim,^" and by Orr 

5 Closed 01 occlusive dressings Most of the emphasis- of this principle 
has recently been placed on “closed plaster technique ” This is fortunate 
for the principle w^as knowm to the Egyptians’ (Smith papyrus) and to 
Hippocrates w-ho used vaiious immobilizing n'laterials and hardening band- 
ages long before plaster of pans w^as known, eg, bandages impidgnated 
with albuminous material Primitive peoples have used felay- or mud, and 
this method was used successfully by the Ethiopians duiing their recent 
struggle with the Italians In 1853, Gamgee^® described the continued 
fixation of addressing by starch bandages Plaster of pans appears to 
have first been used by Ollier,^® 111 1872, to enclose w^ound and whole limb 
completely 
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6 Rest of the part, a principle immortalized by Hilton, in 1863 

7 Infrequent change of dressings with proper drainage was advocated 
and practiced by Rutherford Morison,'’^ m 1881 

It will thus be seen that the general principles of closed and infrequent 
dressings are mainly ancient, and their modern adaption almost one 
hundred years old 

During the first phase of the present world struggle, the War of 1914- 
1918, considerable impetus was given to the technique of W H Ogilvie,'*'^ 
by Morison,®® and by Hey Groves These advocates were strongly sup- 
ported, subsequently by Gurd,^** and McKim^^ of this hospital, by Orr,®®’ 
and by Baer,^ all of whom studied the problems first hand in the last war 

In the recent Spanish War, Trueta^®’ continued the story, and his 
work has since taken him to Britain where it is still going on It is interesting 
to note that Ogilvie®® continues to show great interest in this work 

The material and experience upon which this paper is based has been 
taken from the Surgical Wards of The Montreal General Hospital where 
interest in the technique advocated herein has never flagged Many hundreds 
of cases of all kinds have been so treated since 1919, including all varieties 
of fresh trauma, burns and infections of all kinds both aerobic and anaerobic 

COMMENTARY ON THE BACTERIOLOGY OF WOUNDS 

Apart from the specific relationships of antibacterial measures to par- 
ticular microorganisms, it is essential to interpret the results of surgical 
procedures m terms of the bacteria involved Especially have the current 
problems of chemotherapy, and a better understanding of the physiology 
of both the tissues and bacteria, stimulated an increasing degree of cooperation 
between the surgeon and the laboratory 

Organisms Found in Wounds — It scarcely needs be noted that the 
bacteria in wounds are introduced either at the time of wounding, or during 
subsequent dressings or examinations The varieties of organisms present 
■will depend on the site and degree of wounding, the opportunity for con- 
tamination, and the conditions of treatment All wounds and operations 
become contaminated After all, the best operating conditions yet devised 
do not approximate the perfection of tecTinique required to handle materials 
in a bacteriological fashion Infection, however, does not necessarily follow, 
even when the contaminants are demonstrably pathogenic The living tissues 
are -not inert culture media. 

In general, civilian wounds, even when caused by enemy action in the 
form of air raids, become infected less frequently than do war wounds 
of a similar nature suffered in combat This is due in part to the more prompt 
attention to the civilian casualty than is often possible m the field, and to 
the fact that -materials driven into a civilian wound, whether they be street 
dirt, clothing or skin, are likely to be bacteriologically cleaner than is the 
case w’lth military casualties 

During 1914—18, cases arriving in England shortly after having been 
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wounded on the highly cultivated soil of France show'ed a primary infection 
largely made up of fecal bacteria Wounds m this stage practically always 
yielded cultures containing Cl zoelcJm and other anaerobic spoi e-bearers, 
B pioteus, and streptococci which were generally of the fecal type In 
civilian inj lines, eithei mdustnal oi an raid, anaerobic bacteiia are not so 
common, but p 50 genic cocci, the souice of which is almost exclusively the 
human nasopharynx and skin, are found wuth fan frequency In addition 
to these highly invasive bacteria, a w ide variety of microbes common to soil, 
w ater and air-borne dust may gam access to a w ouiid These include micro- 
cocci, nonhemol} tic streptococci, 5 co/i, diphtheioids, F proteus 3.nA B pyo- 
cyaneiis The status of the latter three has been much discussed, and a note 
about them ma)^ not be amiss 

Diphtheroid bacilli are frequently found m wmunds They are common 
on the human skin and m dust They have ahvays been legarded lightly, 
since they are never found alone and their direct pathogenicity is slight It 
IS a matter of interest that many ot them are inhibited b} a factor present m 
human serum, and the inhibition can be removed by the presence of staphy- 
lococci This may explain wdiy they are not found alone The symbiotic 
influence is bilateral, for it was shown long ago that they assist some of 
the pathogens to grow, and their presence m an infected w^ound may, there- 
fore, be of some importance 

B Proteus and B pyocyaneus aie usually acquired, if at all, during hos- 
pitalization They pass readily fiom case to case B piotcns usually dis- 
appears wdien w'ounds are well drained, and persists if sloughs or sequestra 
are present Wounds w ith B p} oteus present have no distinctive character, 
tl ough granulation may have a somewdiat unhealthy appearance, and newly 
formed epithelium tends to break dowm B pyocyaneus, the organism of blue 
pus, is often without obvious significance, though sometimes it seems re- 
sponsible for systemic symptoms and cessation of healing Trueta has 
suggested that the organism may have a beneficial effect on wounds and 
that It may inhibit the growTh of pyogenic staphylococci and streptococci 
This has not been confirmed Both these organisms add much to the foul 
odor of exudates 

The Siihsequent Hzstoiy of the Wound — Before the bacteria begin to 
multiply there is a latent period usually of tw^o or three hours This lag may, 
however, extend to several days if the wound has been thoroughly cleaned 
and debnded During this time debridement may remove the contaminants 
completely By cultivation of the excised tissue, and subsequently of the 
plaster-treated wmund, Orr-Ewing found that some species present in the 
excised tissue never reappeared Even though pathogens may exist in a 
w'ound throughout the time of healing they do not always cause manifest 
disease This must be remembered in view^ of the tendency to make bacterio- 
logical diagnoses of gas bacillus infection, foi example, m the absence of 
clinical signs 

Duiing the stage of bacterial growth, local infection of the tissue takes 
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place This infection may remain localized or may spread in a manner 
determined in large measure by the species of organism 

Throughout the course of healing, the danger of secondary infection 
IS ever-present The prevention of this by the infrequent occlusive dressing 
IS one of its major contributions The most serious of the secondary invaders 
are the pyogenic streptococcus or staphylococcus Both cocci may be found 
contaminating cases treated by the open oi even the closed plaster method, 
and tend to persist until final healing takes place (though, under pressure 
dressings, usually without significance) The duration of hospitalization prior 
to the first discoveiy of these organisms in a wound shows them to be largely 
gained subsequent to the time of the initial injury In this respect Hare 
urges minimal first-aid treatment as a means of avoiding unnecessary exposure 
of a wound to these human parasites until such time as proper surgical 
precautions can be obseived 

During Woild War I Sti cptococciis pyogenes was piesent in piactically 
every septic wound, and was responsible for nearly every complication, the 
commonest of which were cellulitis or erysipelas, formation and persistence 
of sinuses, and seveie constitutional symptoms This organism is feaied 
because of its great invasiveness Occasionally local implantation may pass 
thiough lymphangitis to septicemia within 12 houis Tins ready permeation 
of tissue spaces and lymphatics is associated with the production by the 
organism of a fibnnolysin, and the limitation of the extension appeals to 
depend on the leukoc> tic bai ner Before this has formed the damaged tissue 
IS, therefore, extremely vulnerable to the streptococcus, and it is especiall) 
important to protect the wound from such contamination before granulation 
Thereafter such contamination may usually be detected only bactenologically, 
but before further suigical intervention cultures should again be made to 
allow for measures to prevent dissemination of any streptococci present 

The susceptibility of the streptococci and the resistance of the staphy- 
lococcus to sulfonamides has changed the lelative importance of these two 
organisms in wounds The staphylococcus produces a fibrin coagulum in 
tissue spaces and lymphatics, and is much moie easily localized than is 
the streptococcus However, as the usual cause of osteomyelitis, and since 
it does invade the blood stream, the presence of the staphylococcus in wounds 
is a serious matter 

The source of the streptococcus as fai as wounds are concerned is the 
human nasophaiynx It rarely survives on the external skin surface, though 
It may sojourn long enough for the fingers to effect a transfer It may 
sunnve on the clothmg or bedclothes and may be disseminated with the 
dust in the air of wards The staphylococcus is found in 50 per cent of 
human noses, but of greater importance is its frequent presence on the 
external skin, especially in those addicted to furuncles It is particularly 
important to realize that such skin carriers cannot be eliminated by scrub- 
bing-up Indeed, one may after scrubbing yield a positive culture where 
r negative one vas given before The need for strict surgical asepsis in 
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the diessing of Mounds is obvious Othei details such as diy siveeping of 
floors also lequiie supei vision 

Gas Gangiene — Gas gangiene is usually a mixed infection The most 
impoitant toxigenic species of Closf) idm aie ivelchn, sepUcmn and oedematiens, 
ulnle othei s digest damaged muscle and contiibute to impioving the oppor- 
tunities foi the chief pathogens The oiganisms are earned into the \vound 
at the time of the oiigmal mjuiy Only raiely aie they secondaiy invaders 
fiom, for example, unsteiile diessings 

Contamination of a v’ound with these anaeiobes does not necessaiily lesult 
hi infection The spoies may gei inmate and cultures may shoiv persistence 
of the oiganisms m a wound. Muthout any clinical manifestations whatsoevei, 
and this piobably occuis in a maioiity of such contaminations Spoonei 
found two cases of fiank infection out of eight air-iaid casualties Mith positive 
cultures Fuitheimoie, clostiidial infection of the subcutaneous tissues 
must be recognized as difteiing shaiply m piognosis from the serious 
condition obtaining Mhen muscle is imolved It is foi this lattei that the 
term “gas gangiene’ is reseived 

The determining factoi m spoie geimination and bacteiial giowth is the 
oxidation-reduction potential of the tissue Piominent among conditions 
promoting anaeiobiasis aie extensive tissue damage, deep narrou puncture 
wounds, hemoirhage, iinpeifect diamage, leiained foreign bodies, and the 
piesence of othei bacteria which may utilize oxygen Tourniquets and tight 
packing (coiking) of a wound help to achie\e the same pin pose The iisk 
of gas gangrene is commensurate with the degree of infestation of the 
environment with the lesponsible organisms Nevertheless, even in Flanders, 
during 1914-18, w'heie the heavily feitilized soil must have contaminated 
w'ell-nigh 100 per cent of the casualties with pathogenic CloKfi idia, the incidence 
of gas gangrene among the wounded was nevei, at its highest, gi eater than 
about 12 pei cent It is woith noting that w^ounds sustained by soldieis 
in a state of exhaustion aie follow'ed by a significantly higher incidence of 
gas gangrene 

Signs of anaeiobic infection may appeal wathm a few^ houis of the 
mjur}>-, 01 they may be delayed foi days Ninety pei cent of infections, 
however, wull leveal themselves within 48 houis During the eaily stages the 
bacteria remain confined to the damaged aiea, and multiply rapidly Delay 
in tieatment lapidly acceleiates the frequency of gas gangiene Digestion 
of the blood and dead tissue yields the characteristic foul exudate, wFich 
may permeate along the subcutis and the fascial planes Injuied muscles 
may be invaded singly or in groups, 01 a wdiole segment of a limb ma}'' be 
involved Histologically, it can be shown that the disease has extended 
w'ell beyond the point indicated by clinical signs of change In such areas of 
appaiently healthy muscle, a few fibeis can be seen mici oscopically to have 
undergone change due to the bacterial toxins The sai colemma sheaths of 
the long individual fibers aie easily detached fiom the supporting connective 
tissue This provides a potential space into which edema fluid may readily 
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pabs and carry toxin to cause necrosis of the individual fibers Such toxin- 
killed fibers are forthwith invaded by bacteria The presence of these at 
any point means production of more toxin and enzymatic hydrolysis of tissue 
carbohydrates to produce the gas Either toxins or bacteria may gain the 
blood stream 


THE RATIONALE OF CLOSED INFREQUENT DRESSINGS 

I 

Although much has been written in explanation of the success of the 
occlusive dressing from both investigative and clinical experience, there 
IS still no general agreement In all modesty, therefore, it is thought 
preferable to list briefly our observations and opinions with such comment 
as may be available from experience 

1 Rest This fundamental principal of therapy takes precedence over 
all other factors It is, moreover, universally understood and accepted All 
the other factors will be found to be subordinate to rest in one way or 
another (Hilton^’^) 

2 Pi evenhon oi Limitation of Bactenal Contamination There is ample 
confirmation of the exclusion of pathogenic bacteria from wounds by occlusive 
dressings This is exemplified by the “closed plaster”®^ treatment and by 
the “pressure dressings”"'* as used m burn treatment and plastic surgery 
The fact that excessive contamination of wounds b}- pathogens is the price 
of frequent change of dressing is, also, well established In this connection, 
the work of Hare,-^ Trueta and Barnes,^- Orr- Ewing, Scott and Gardner** 
IS outstanding 

It will, also, be accepted that the saturation of dressings with moist 
discharges contributed to their penetration by contaminating organisms from 
bedclothes, anus, etc Consequently, the thickness and dryness of dressing 
or plaster are important To illustrate experimentally, we quote from a 
personal communication from Neal Owens *" “Sections of moistened dressing 
gauze of different thicknesses are placed on the surface of bacterial cultures 
in deep petri dishes and their different bacterial diffusion times from bottom 
to top are estimated When compared with the rate of diffusion through 
similar dry gauze pads the rate of diffusion is found to be much more rapid ” 

3 Effect on the Local Cn dilation — (a) Vascular, (b) Lymphatic 
(a) The localizing effect on infection of “pressure dressings” and, in par- 
ticular, “closed plaster” insofar as the vascular circulation is concerned has 
been described by Trueta®* as an active congestion of local tissues under the 
dressing m many respects simulating the inflammation phenomena To the 
authors, the matter seems more easily understood if pressure is regarded 
as preventing the accumulation of interstitial fluid and, thus, we believe, im- 
proving the circulation through the affected part 

(b) The lymphostatic effect of rest alone has been well demonstrated by 
Field, White and Drinker*® In addition, it should also, be recalled that 
bactenal dissemination from an infection takes place via the lymphatics at 
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least preferentially rather than via the blood stream Pawlowsky,"^^ ipcx), 
was convinced of this, and Di inker, et al have proven it 

4 Retention imthm the dressing of antibacterial and other beneficent prod- 
ucts of the body’s immunological armamentarium in the exuded serum Very 
little has been made of this point although its importance may, perhaps, be 
assumed from the healing m the peritoneal cavity without drainage, or with, 
at best, only partial drainage, in a diffuse peritonitis In any case, it would 
appear that body defences operate best either early or late hen the involved 
area is immobilized and contamination prevented by an occlusive dressing 

5 Curtain Diainage — ^Whether in fresh trauma or m premfected cases, 
the role of packing gauze m the v ound in providing adequate drainage is gen- 
eiall} accepted When paraffin or vaseline is impregnated m the gauze, the 
usefulness of the dram is increased This latter fact has been emphasized by 
several writers, notably by Gurd and McKim,-* who described it as “curtain 
drainage ” More recently, in 1941, the role of this type of drainage has been 
urged by Pfeiffer and Smith 

6 Bacteuostasis — Fundamentally and principally, this phenomenon arises 

sm gene) IS from natural immunologic sources Many attempts have been 
made, however, to aid the local natural defensive mechanism of the body by 
chemotherapy BIPP, ZIPP, ZISP, the aniline dyes, particularly 
acnflavine, and other materials have all been used, and some with considerable 
success More recently, sulfonamides have been employed in this role This 
local use of sulfonamides has been wndely developed, and they have been 
combined with other bacteriostatic agents and placed in various vehicles At 
The Montreal General Hospital an oil-in-w^ater emulsion of sulfathiazole was 
devised in 1941, and has now been used for about two years with gratifying 
results This emulsion was designed to give both satisfactory curtain drain- 
age and bactenostasis Previous experience with it has already been described 
in the literature A brief review of its rationale and the formula will be 

found elsewhere in this paper 

7 Adequate Surgical Ti eatment — Finally, it should be stated categorically 
that in compound fractures and in larger wmunds, the failure to carry out ade- 
quate surgical excision of dead and devitalized tissue, to enlarge the wound, 
and to relieve fascial tension nullifies all of the foregoing benefits of occlusive 
infrequent dressings The authors believe that m civil practice as well as 
under field service conditions, this statement still holds, notwithstanding 
W H Ogilvie’s^" report on the Dunkerque casualties, and the very excellent 
recent report on the South Sea casualties by Ferguson, et al These twm 
reports have indicated that only minimal wmund excision or debridement is 
necessary It is felt by the authors, however, that both of the reports are 
based upon casualties occurring under special conditions, i e , the beaches, 
sea warfare, or land not long contaminated by dense human or animal popula- 
tion Injuries occurring in more densely populated areas, such as Europe, 
Asia or America wnll inevitably be more subject to bacterial contamination 
and shall demand w'ound excision 
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bTEP-BY-STEP HOSPITAL PROCEDURE (sEE OPERATIONAL CHART) 

A FRESH TRAUMATIC WOUNDS 
i C PREINFECTED WOUNDS AND SUPPURAIINC. ] OCI 

A Fresh Traumatic Wounds — Predicated upon the knowledge that 
leasonably safe first-aid measures have been instituted, such as detailed by 
Cole and Puestow,'^ and most successful when rapid evacuation is followed by 
early operation ' 

1 Emogent — It must be emphasized at once that antishock and anti- 
hemorrhage measures take precedence, and that any suigical procedure, espe- 
cially with anesthesia, must be delayed until these measures are effective The 
transfusion of whole blood foi the treatment of shock plus hemorrhage, and 
the administration of oxygen to foiestall and combat anoxia are the most 
impoitant details Suigical oi secondary shock without hemoirhage, as in 
burns and extensive trauma without hemorrhage, requires only plasma or 
serum plus ox)^gen To carry these measures out adequately, frequent esti- 
ii'ations of the red blood cells, hemoglobin, hematociit and plasma proteins 
(See Chart ) 

In exceptional cases the ligation of large blood vessels will necessitate an 
early examination and dressing change with a temporary plaster encasement 
In such instances sulfathiazole emulsion packing is used successfully in the 
temporal ily tieated wound Case No A-q, illustrates this point 

2 Sedation for the surgical procedure requires careful individualization 

3 Anesthesia — If a geneial anesthesia is necessary the inhalation type is 
indicated Spinal anesthesia has been shown to offer the greatest risk to acute 
traumatic cases recovering from shock, hence, it is generally speaking contra- 
indicated The role of intravenous barbiturates should, we believe, be still 
considered snh pidice Refeience is made here to the recent report of the 
Shock Committee of the Canadian National Reseai ch Council 

4 Removal of Fvst-Aid D> csung — The emeigency diessing should not he 
lemoved until the patient is m the operating loom Cultures are taken fiom 
the wound at once 

5 Local Wound Pi epat ation — This is meticulously carried out vith 
aseptic technique, using gloves and instruments, with swabs of ether, alcohol 
and iodine, dettol, metaphen or other recognized germicide * Ovei the wound 
itself a sterile gauze dressing is first placed The skin around the wound is 
then wiped caiefully away from the edges Copious lavage of the wound 
with saline oi an> antiseptic is not favored, although detergents are used 
when necessary 

6 Suigical Excision of the Wound (Debt idenieiit) f — (a) Enlargement of 
the V ound is the first step and is essential for adequate exploration successful 

=•■ The ^ alue of pure soap as a germicide as well as a detergent in local wound prepara- 
tion IS stressed by Trueta in his recent publication on the Treatment of War Wounds 
Haycraft emphasized the same in 1918 

7 For a concise and selectue definition of the term debridement the reader is referred 
to the writings of Desault, Depage and Duval and also Lemaitre 
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excision and extraction of foieign bodies The \\ound edges aie conseivatwely 
excised at this time The deep fascia is now wndely incised, lest eventual ten- 
sion of tissues faioi interference wuth the blood supply and predispose to 
gangrene This is a detail of fundamental importance 

(b) Cu dilation — Blood vessels aie now’’ inspected and all gross hemoi- 
ihage ai rested Should arteiial sutuie oi the use of a vitalhum tube^'^ be 
indicated, it is postponed until the w ound excision is completed This applies, 
also, to suture of nerve, tendon oi othei structure 

(c) Exaswn of all Dead and Badly Tiaumatiaed tissue m the depths of 
the w’ound This piocedure is ladical, the wdiole area of muscle and interstitial 
tissue being removed, if possilile, cn masse Conservatism has no place here 

Fig I Fig 2 
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Fig I — Operation completed and fracture reduced on Ha«le> table Enlarged woamd partlj 
closed with packing held in place bj loose suturing 

Fig 2 — Gauze dressing s ituratcd with sulfathnzolc emulsion covering the wound 

These figures and four following constitute a pictograph of infrciiucnt piolectnc diessing (closed 
plaster) of a compound fracture of the tibia 

(d) Amputation — Should amputation be necessary, the stump is packed 
open, only sufficient loose suturing of the edges being done to letain the pack 
(See Case A-4 ) 

7 Fiacture Treatment — Reduction and fixation of fractuies is now’ done 
and, w’here necessary, internal or external fixation earned out 

8 Wound {Cm tain) Drainage — From the depths outw’ard, the inteistices 
of the wound are now snugly packed wath gauze impregnated with 5% sul- 
fathiazole emulsion * When necessary, the edges of the wound are now’ loosely 
sutured (See Fig i ) 

* Emulsion sulfathiazole 5% (MGH formula) Sulfathiazole 5%, triethanolamine 
2%, distilled water 24%, white beeswax 5%, liquid paraffin 64% The emulsion is used 
liberally and in excess rather than conservatively Alternatively, B I P P -paraffin gauze 
technique may be done f 

Although not always carried out by the author, this packing may be preceded by the 
installation of a 5-10% suspension of sulfathiazole crystals or microcrystals This is 
earned out m such a manner as to leave a frosting of the crystals in the depths and on 
the surface of the wound, after all excess suspension has been spilled or mopped up 

929 


Annals of Surgery 
December 19 4 3 


GURD, ACKMAN AND SMITH 


Fig 3 



Fig 4 

Fig 3 — Large pad of mechanic’s waste corering whole leg and wrapped 
in a towel or gauze bandage 

Fig 4 — ^Additional padaing with sheet wadding from toes to midthigh 

9 Swface Diessing — The excess of the packing covers the wound with a 
thin layer of gauze This, in turn, is covered with gauze dressings impregnated 

This variation in technique we owe to a personal communication from Dr W V Cone,® 
of the Montreal Neurological Institute, who developed it while serving in the No i 
Canadian Neurological Unit in Britain The reader is also referred to a paper by Dr 
F W Sha\er of the hospital, on The Primary Suture of Simple Mastoids 

t B I P P Bismuth subnitrate i part, powdered iodoform 2 parts, liquid paraffin 
about I part, or sufficient to make a thick paste 

It IS of the utmost importance that \aseline or paiaffijium mollc should not be used, 
as with such a 3 elude an ointment results w’hich will not adhere to the raw' surface 
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with the emulsion Finally, dry, flufted gauze or preferably fluffed cotton 
w^aste IS used as a rein foi cement or padding for the whole wound area, and m 
sufficient quantity to make the largest feasible elastic compressible dressing, 
at least three inches m thickness (Figs 2 and 3) When plaster is to be used, 
the limb 01 part is now' padded with sheet w'adding ,(Fig 4) 

10 Occlusive Diessing — Plaster of pans, the “pressure dressing,”* starch 

Fig s 



Fig 6 

__ Fig s — ^Plaster encasement (circular bandage) completed except for foot m position on 
Hawley table 

Fig 6 — Completed plaster encasement elevated for dr>ing 

* The term “pressure dressing’ has, we believe, achieved a special significance, espe- 
cially in burn therapy and plastic surgery First described in detail by Blair, Brown, 
cf al ,6 this dressing has been subsequently modified only in minor details to suit special 
purposes and techniques Koch and Allen, ^ Siler and Reid,^® Neal Owens , '^2 ^^d the 
authors, in particular, have described the principles and use as applied to The Treat- 
ment of Bums and Skin Grafting 
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bandages, elastoplast bandages or other alternative suited to the case are now 
used to encase the limb or pai t in such a way as to produce maximum fixation 
and optimum pressure Not only the wound area but the joints proximal and 
distal to the wound must be encased This reduces muscular action to an 
absolute minimum and consequently promotes lymph stasis The plaster may 
be applied as snug moulds oi slabs reinforced and fixed by circular plaster 
bandages, or the latter may be used throughout (Fig 5) In any event, the 
encasing plaster or alternative dressing must be applied with moderate pres- 
sure The skill with which this is done allows for sufficient sustained pressure 
to prevent eaily loosening, although not sufficient to embarrass the vascular 
circulation Such skill will only be acquired by personal experience It 
should be pointed out here that when starch ciinoline bandages are used, al- 
lowance IS made for shiinkage and tightening as the bandage dries 

This may appear to vaiy Aiidely from Trueta’s'*^ unpadded plaster tech- 
nique Actually, houevei, the difference is more apparent than real, for the 
lai ge elastic di essing undei the plastei has essentially the same effect and is, 
we believe, a safei method foi general use 

11 Diying of the plastei 01 starch bandages is accelerated by the use of 
a baker 

12 Elevation — It is well to allow elevation of the part at least until drying 
complete and the circulation well established Dm mg this period frequent 

inspection of the circulation of the piotriiding toes and fingers is necessary 

13 Rediesswg of these fresh tiauma cases is discussed elsewhere, and 
details will be found m the Operational Chart The week is the “time unit” 
but three to six weeks may be desirable especially when plaster is used If 
fixation has been accomplished in the functional position, prolongation of the 
peiiod between diessings is very unlikely to be followed by interference with 
joints 01 tendons 

PREEXISTING INFECTED AVOUNDS AND SUPPURATING FOCI 

B — The necessity foi pieliminaiy antishock and hemorrhage treatment 
laiely exists heie, although fiequently blood transfusions and/oi infusions of 
5% glucose solution are carried out before, during and shortly after opeiation 
The necessity for the investigation of the state of the sugar metabolism m all 
cases of infection is emphasized as it is so frequently found to be disturbed at 
least temporarily Determination of the sugar content of the blood during the 
fasting state may suffice Often, however, a sugar tolerance test is required 

The usefulness of insulin m infections and wound healing has been stressed 
by one of the authors (Gurd)-^° and its adaptation to the individual case ex- 
plained Its usefulness in infections varies all the way fiom the necessary 
administration to protect the diabetic preliminary to opeiation to its role as 
an adjunct to wound healing and general debility treatment m chronic cases 

Sedation, anesthesia and local skin preparation are matters of hospital 
loutine and individual choice 

Incisions must be so placed that maximum effect upon interstitial tension 
may be obtained wnth minimal damage to essential structures, and adequate in 
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size foi good diainage pui poses As a general lule, multiple incisions should 
be avoided but lathei one oi few more extensive openings so fashioned that 
the effect indicated above may be obtained. Wheie necessaiy, Hilton's method 
of blunt dissection of deepei tissues is employed All pocketing is broken 
down and in carbunculai types of inflammation the edges of the lesion are 
undercut to the limit of mduiation In every case the guiding lule is to incise 
sufficiently not only on the suiface foi good drainage but, more importantly, 
to incise the fascial planes so as to both lelieve all existing tension and antici- 
pate Its possible development oi lecuiience 

Cultures are taken at once As much neci otic tissue and debi is as can be 
judiciously excised is removed and the puiulent contents of the abscess well 
evacuated Allowance being made foi good diainage, a gauze pack soaked 
m 5% sulfathiazole emulsion is now placed snugl}'' m the cavity and the ends 
used to thinly covei the wound The lest of the diessing proceduie is earned 
out exactly as foi fiesh tiauina 


Table I 

LABORATOR-V REPORT 

1 ABORATORV INVESTIGATIONS SHOWING THE CONCENTRATION OE SULFATHIAZOLE 
IN LOCAL TISSUES TREATED WITH THE M G It EMULSION 

Dressings Not Changed 

Elapsed Time After Treatment — Average of Estimations m Mg Per Cent 
(Total Sulfathiazole Only) 


Clinical Cases 

M G H Laboratory 

Independent Laboratory"' 

24 hours 

120 mg per cent 

124 mg percent ' 

48 hours 

78 mg per cent 

76 mg per cent 

72 hours 

45 mg per cent 

43 mg per cent 

4 days 

34 mg per cent 


S days 

30 mg per cent 


7 days 

28 mg per cent 


Laboratory Animals 

M G H Laboratorj 

Independent Laboratory 

24 hours 

122 mg per cent 

129 mg per cent 

48 hours 


65 mg per cent 


Dressings are changed with about the same frequency m these cases as in 
fresh wounds This may depend somewhat upon the amount of primary 
hemorrhage, necrosis or exudate, but the weekly timing has, for all practical 
purposes, proven satisfactory This practice is earned out with both indoor 
and outdoor patients It may be stated here that daily bacterial counts on the 
exudate, and chemical tissue analyses of biopsied mateiial for sulfathiazole 
(see Table I) have served to confirm the safe peiiod of bacteriostasis m these 
cases as averaging one week In many cases, however, as m drained osteo- 
myelitis or other cases where plaster is employed, it has been found advan- 
tageous to leave the encasement or diessing on much longer (up to four 
weeks) So far, we have not had cause to regret these longer intervals in a 
single instance though the odor may, at times, become objectionable Finall}^ 
the possibility of delay or impairment of function must always be kept m mind 
after three or four weeks in a fixed position particularly if for any reason a 
physiologic position has not been possible 

*These independent laboratory experiments were obtained through the courtesy cooperation and material 
assistance of Charles E Frosst & Company, Montreal, Canada 
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WOUND SUTURING 

I PRIMARY 2 DPXAYLD PRIMARY 3 SECONDARY 

1 Prunmy suture is only done on our early superficial wounds (within 
the first SIX hours), called “golden hours” by W W Keen,-® when the risk 
of infection is minimal though contamination be always present (See the 
section on Bacteriology ) This decision, also, will depend upon the anatomic 
site of the wound and, again, upon its nature Among the cases thus chosen 
for primary suture in the “golden hours” are minor lacerations in general, 
wounds of the hands and feet with tendon divulsions, chest wmunds, wounds 
with vessel or nerve severance , wounds of the head, face and neck wdiere the 
circulation is paiticularly good, and infection uncommon The last group 
must, also, be considered from the point of view^ of possible disfigurement 
w'hich may occui if healing is inadequate The reader is referred to \N H 
Og^lvie’s®" report on 5,000 cases of primary suture m which only 50 per cent 
showed good primary healing without infection Most of these cases it should, 
also, be noted w'ere very carefully selected 

2 Delayed piwiaiy sutui e is done 111 most other traumatic treatment cases, 
usually after the packing treatment has been employed for one or two w^eeks, 
that is at the time of first or less commonly the second dressing Up to this 
time, as a rule, w'ounds may be sutured without difficulty for the most part 
and, usually, without excision or freshening, as granulation is not excessive, 
and new epithelium is absent 

3 Secondaiy sutui e implies a freshening or excision of the wound edges 
and IS done for all cases in which delay is longer than two weeks, as when 
infection has been present This practice is followed even m carbuncles 

In all deep wounds, especially of the exti emities, buttocks, etc , and involv- 
ing muscle, primary suture is not practiced regardless of the so-called “golden 
hours” and regardless of whether bacteriostatics have been used at the first 
dressing, or not It is not sufficient argument to state that “one can get aw^ay 
ivith it ” 

Skill Giafting — ^Just as suture has been cairied out as primary, dela)'^ed 
primary, or secondary, in like manner we have employed skin grafting Quot- 
ing Dr John Gerrie, Plastic Surgeon at The Montreal General Hospital 
“Primary grafting may be done in many cases of sliced or avulsed wounds 
when dirt, infection and crushing are not present in undue amounts and the 
wound IS not more than six hours old If these conditions prevail it is better 
to enclose the wound m an occlusive pressure sulfathiazole dressing and 
carry out a delayed primary graft at the end of a week or ten days If trauma 
and infection have been more extensive and at first dressing the wound is still 
not ready for grafting, one or two occlusive pressure dressings with sulfa- 
thiazole emulsion are carried out at seven- to ten-day intervals and a secondary 
graft done when a satisfactory bed is obtained, from three weeks onw^ard (See 
Case B-4 ) It is emphasized here that the granulations are always scraped 
dowm to a finn bed Split skin grafts taken with the Padgett dermatome are 
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preferred and the thickness may be varied with the indications for weight 
bearing, texture, etc The indications for ‘pinch’ and full-thickness grafts 
have become limited This secondarj' grafting technique has been employed 
with success in open amputations when delayed or secondary suture cannot 
be done The graft is applied as early as the third or fourth week to eliminate 
seepage from granulating areas at once and, thus, greatly shorten the con- 
valescent period By this method of handling early mobilization of the patient 
IS achieved and the usual improvement m general condition results Complete 
take of the graft is the rule Following healing it is sometimes unnecessary 
to perform plastic reamputation to obtain a final lesiilt for prosthesis Should 
this be necessary, howevei, much time, labor and, above all, morbidity will 
have been saved in any case ” Case No A-4, illustrates this adaptation of 
technique This matter is referred to m gieatei detail m a recent article on 
“Burns” by Gerrie,^^ and further data is m preparation for publication 

SIX ESSENTIAI. FEATURES FOR THE SUCCESS OF THIS TECHNIQUE 

Experience by all those familiar with this method of surgical treatment 
has showm that the degree of success obtained depends upon certain essential 
factors, notably 

1 Timmq of Each Step ui Pioceduie — All other factors are subordinate 
to this from the first to last For example, the unwisdom of attempting 
surgical operation in fresh trauma before shock and hemorihage is controlled 
is ■well knowm On the other hand, if operation be delayed too long the risk 
of infection is enhanced Hence the “golden hours” or ‘safe period” are the 
essence of “timing ” Again, to illustrate, is the success of relatively early 
skin grafting in burns, m the third and fourth w'eek before granulation becomes 
excessive and the patient’s general condition deteriorates 

2 Efficient Fvst-Aid tn Emergency Cases. — (a) Conti ol of Hemorihage 
When a tourniquet is required it is imperative that the tourniquet be inspected 
by a doctor within half an hour (See Blalock’s^” recent publication for 
elaboration ) 

(b) Prevention of tontammafion by early application of a large, sterile 
gauze dry dressing This dressing should rarely be interfered wuth until the 
case has reached the surgeon wdio is prepared to treat it Application of a 
sulfonamide, preferably sulfathiazole, in powder or suspension form, may be 
carried out to advantage before the dressing is applied 

(c) Mimimzation of shock by alleviation of pain, protection from the ele- 
ments and gentleness in handling the patient 

(d) Splinting of cases where necessary, wnth due regard to the nature of 
the injury, and due respect for the circulation of the part 

3 Conti ol of Shock and Hemoirhaqe — Insofar as it is possible before 
definitive surgical treatment is begun This ride does not preclude the neces- 
sity for minimal early procedures to save life, such as redressing for control 
of hemorrhage by means of ligation of large blood vessels and packing 

4 Adequate Smgeiy Adapted to the Individual Case — (a) In fresh 
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trauma this means enlaigement, exploiation and thoiough wound excision 
Evidence exists that when this is done within six hours of injury there is 
minimal risk of wound infection Under special circumstances a period con- 
siderably longer than six hours may safely intervene between receipt of wound 
and operative care Such conditions may include, among others, wounds 
received on a ship, on clean sandy beaches, and 111 manufacturing plants where 
infective material is absent We believe that early adequate local application 
of sulfonamides prolongs the ‘ safe period” substantially 

(b) In all cases including infections this treatment implies provision for 
adequate wound drainage by the insertion of a snug pack of paraffin impreg- 
nated gauze There is ample evidence to show that when the pack is impreg- 
nated with an oily material, such as liquid paraffin or vaseline, the drainage 
effect becomes more efficient To meet this requirement for curtain diainage 
and, at the same time, to give an effective degree of bactenostasis, an oil-m- 
water emulsion of sulfathiazole w'as devised at the Montreal Geneial Hospital 
The formula for this is given elsewhere, while details of its preparation and 
clinical application have already been reported in the literature 

5 ImmohihzaUon of the pai t by plaster of pans, starch bandages, 01 
“pressure diessings ’ In oui experience it does not mattei that “closed 
plaster” dressings be unpadded with this technique On the contrary, we 
have found that a bulk)'- dressing 01 padding undei the plaster may be advan- 
tageous, providing the latter is applied w'lth moderate pressure and, especially, 
if the bulky diessmg is made semi-elastic, as by cotton waste This diessing 
absorbs considerable exudate and continuous pressure is maintained throughout 

6 Twang of Diessing — The timing of change of dressing is most impor- 
tant It will depend upon a number of things Fundamentally, it is as infre- 
quent as possible 01 necessarv In explanation of this statement one must 
consider all the reasons for the ordinary change of dressing They ma) be 
listed as follows 

(a) Because of healing that has already taken place, as m superficial burns 
m SIX or seven days 

(b) Because healing has taken place and prolongation of fixation may 
cause delay of functional recovery, as in tendon sutures, etc (See Case 
No A-3) 

(c) Because prolonged fixation is conducive to healing, as in fractures 
(See Case No A-3 ) 

(d) Because exudate or hemorrhage is excessive and wound toilet is indi- 
cated, as in large trauma (See Case No A-4 ) 

(e) Because bactenostasis is exhausted by excessive slough, necrosis or 
exudate and renewal of the bacteriostatic agent is required, as m large infected 
areas or abscesses The inhibitory effect of necrotic tissue and exudate on 
the bacteriostatic action of sulfonamides has been emphasized by such workers 
as Holder and MacKay,~® and Strakosch and Clark These workers have 
demonstrated that W'hen urea (carbamide) is added to the sulfonamides it 
effects some increase in the rate of necrosis of sloughing time This, in turn, 
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piolongs the bacteiiostatic eflfectiveness of the sulfonamide Uiea would thus 
appear to be a useful adjunct m extensive sloughing wounds It must, how- 
ever, be lecalled that it does inhibit epithelization and, also, causes overgiowth 
of gianulation tissue Theiefore, its use should be discontinued once the 
slough has separated We have had no peisonal expeiience with the use of 
urea m oui diessmgs 

REDRESSING — ^IN THE NORMAL COURSE OF EVENTS 

When one surveys the leasons foi oidinan^ lediessing, it becomes appaient 
that the “timing” will vaiy somewhat with difteient types of cases and even 
wuth difteient cases of the same type The expeiienced surgeon wall, theie- 
fore, make his own decision m the individual case The “end-point” of the 
individual diessmg has been a consideiation of piime importance m this woik 
In each case all of the above mentioned clinical factors are taken into con- 
sideration befoie leaching a decision In addition, wdien splinting is not 
essential the authois have been influenced by the tissue coiicentiations of 
sulfathiazole and by the lesults of daily bacteiial counts on the exudate, to 
change the bacteiiostatic medium at approximately weekly inteivals It may 
be of mteiest to add that this same w^eekly procedure is legulaily earned out 
on all surgical cases in the Out-Patient Depaitment The accompanying 
Operational Chart is oftered as a guide to the proceduie, to be inteipieted by 
the reader as such, and not as a rigid standaidized set of rules It is hoped 
that it wall be of use in this w^ay, not only to the expeiienced surgeon but to 
the intern and nursing attendants less familiar wath the technique of Closed 
or Occlusive Infiequent Diessmgs 

INDICATIONS FOR EMERGENT CHANGE OF DRESSING 

Remarks on this subject ma}^ be piefaced by the comment that such indica- 
tions are almost certain nevei to occui pioMding adequate suigery has been 
performed and w'hen due legaid has been given to all the other factois neces- 
sary for the success of the ti eatment 

The actual indications foi changing the diessmg and investigating the 
wound may be listed as follow's i Peisistence of pain 2 Persistence of 
edema 3 Persistence 01 development of fever 4 Development of ciicula- 
tion difficulty 

It is a fact that in all oui cases during the past twm yeais w^e have only 
encountered trouble in tw'^o cases, and in both instances it resulted from 
inadequate suigeiy followang an eiior in diagnosis These failuies w'ere 
therefore, due to the human factoi , and not the technique In both instances 
proper surgical measuies, piomptly taken, gave relief and pei milted continua- 
tion of the original treatment wath no untow'ard final lesiilt One of the 
cases IS given in some detail (See Case No B-3 ) 

THE VALUE OF CHEMOTHERAPY 

THE ROLE OF SULFONAMIDES AND OTHER BACTERIOSTATIC AGENTS 

Chemotherapy in 'wound treatment is not new Rathei it is very ancient 
Without historic lefeience in detail, one has only to lecall Listei’s*^ antiseptic 
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technique to appreciate the importance attached, throughout medical history, 
to some local method of destroying bacteria and controlling infection B I P P 
and its progeny, Z I P P and Z I S P , and certain anahnes, are the more im- 
portant contributions in this field The local use of sulfonamides has more 
lecently opened a new avenue of thought along this line and has probably 
done more to stimulate geneial interest in the subject than any preceding 
agent In 1941, as previously stated, an oil-in-water emulsion of sulfathiazole 
was developed at The Montreal General Hospital (see formula) and first 
applied clinically to the closed plaster technique by one of the authors, Ack- 
man ^ The wide subsequent use of this vehicle for sulfonamide therapy at 
the hospital, and elsewhere, since that date, has proven its value Not only 
IS it an excellent medium for local sulfonamide administration but it, also, has 
the additional advantage of providing a reservoir- of the sulfonamide in the 
pack in contact with the w'ound surface This results in a more prolonged 
delivery for the bacteriostatic agent than when used in powder or crystalline 
form or in aqueous suspension At the same time, the oily medium provides 
the type of “curtain drainage” which is required for the open treatment of 
wounds under closed plaster or other occlusive dressing It is not intended 
to give all the details of our experience with the emulsion at this time The 
reader is referred to the original papers on the subject in the current litera- 
ture It IS considered advisable, how^ever, to restate certain facts regarding 
the emulsion 

1 An oil-in-water emulsion was chosen as vehicle for the reasons above 
stated and because, since the sulfathiazole is known to be in the water phase, it 
IS readily deliverable to the local tissues 

2 Sulfathiazole was chosen because of all the sulfonamides used, it has 
the greatest bacteriostatic effect, and is the most efficient against ‘the 
Staphylococcus pyogenes^ Compared wnth sulfadiazene it is much more 
soluble in serum and, therefore, more readily absorbed It is, also, much more 
readily excreted Again, by comparison, sulfanilamide, being much more 
soluble, IS too rapidly absorbed to allow for the prolonged and relatively high 
local tissue concentrations from sulfathiazole For the same reason, there 
will be risk of too high blood concentrations with sulfanilamide 

3 Because of the presence of triethanolamine in the emulsion, a verj^ much 
higher percentage of sulfathiazole is in true molecular solution than when the 
crystals are merely suspended in ivater or serum To be explicit, about 26 per 
cent of the sulfathiazole is in molecular solution which is about 800 times the 
solubility of this material in water at the same temperature 

4 The pn of the emulsion in the pack ranges from 7 6-8 6, which is satis- 
factory from a wound-healing and bacteriostatic viewpoint 

5 The local tissue concentrations have been estimated from excised tissue 
and found to be sufficiently high to maintain efficient bactenostasis The 
technique used is essentially that described by Reed and Orr These concen- 
trations (Table I) afford an efficient degree of local bactenostasis for at least 
a week and probably for a slightly longer period The period during which 
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the tissues of the wound are most vulnerable to pyogenic invasion is thus well 
coveied Moreover, renewal of the emulsion pack and dressing reestablishes 
the protection 

6 This bacteriostatic effect has been confiimed by daily bacterial counts 
fiom the nound-pack and serum, as well as by critical clinical obseivation 

7 In spite of the high local tissue concenti ations of sulfathiazole. the level 
of this chemical in the blood has never m a single case been found to be higher 
than 3 5 mg % — even when as much as 15 ounces of the emulsion has been 
used in packing a large wound, such as open amputation of the thigh or in 
the dressing of a 50 pei cent burn The usual 01 average blood level is much 
lower than 3 5, and the reports regularly show only a tiace m the blood when 
large amounts of the emulsion are used (Table II) 


Table II 

BLOOD LLVFtS OF SUlFATHIAZOr E IN LOCAL TISSUES TREATED WITH THE M G H EMULSION 


Clinical Cases 

1 hour 

2 hours 

3 hours 
12 hours 
24 hours 


Dressings Not Changed 

M G H Laboratory Independent Laboratory’^ 

Total 3 5 mg per cent 
3 1 mg per cent 
3 0 mg per cent 
1 3 mg per cent 
None to trace only 


Laboratorv Animals M 

1 hour 

2 hours 

3 hours 

4 hours 

5 hours 

6 hours 


G H Laboratory Independent Laboratorj 

12 1 mg per cent 
7 6 mg per cent 
3 5 mg per cent 
1 5 mg per cent 
Trace only 
None 


8 No single instance of either toxic blood, liepatic or othei seiious reac- 
tion has occurred in several hundred cases 

9 No single instance of renal complication has occurred from this local 
therapy 

10 With regard to hypersensitn ity skin rashes, we have this to say The 
total number of cases with a general rash is twelve m several hundred, and the 
local rashes have been about the same in number It should be noted that in 
over 150 burns so treated, this local reaction has only occurred once In this 
instance it can be emphasized that the case was not treated by the “pressure 
dressing” technique we have advocated but received rather casual treatment 
with change of dressing every day or two foi five weeks in the Out-Patient 
Department This hypersensitivity may be preexistent (three cases) without 
previously known sulfonamide treatment or it may be acquired after periods 
of treatment varying from 1-12 w'eeks The hypersensitivit}'' is now^ knowm 
to persist for months at least but, in at least tw^o cases, has disappeared after a 
}ear When it does occur, it is specific for the sulfathiazole, and any other 
sulfonamide may be satisfactorily substituted m the emulsion These rashes 
may be uncomfortable at times and even occasionally annoying to the patient 

♦These independent laboratory experiments were obtained through the courtesy cooperation and material 
assistance of Charles E Frosst & Company Montreal Canada 
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pncl suigeon but they have nevei been accompanied by any seiious toxic eftect 
and only occasionally by febnle leaction 

11 Clinically, we aie satisfied that no safe oial adininistiation of the diug 
can pioduce as good local bacteiiostasis '' When used oially the amount given 
the patient is limited by the safe blood level The lesulting local tissue oi 
burn bleb level cannot become highei than the blood level The level thus 
obtained from oral administiation can nevei compete locally with the levels 
obtained from direct topical application 

12 The stability of the emulsion in contameis has been tested at tempeia- 
tures langmg from plus 120° F down to minus 97° F and has been found to 
be satisfactoiily maintained 

SCOPE OF TREATMENT 

TYPE OF CASE, WITH ILLUSTRATIVE CASE REPORTS 

A Flesh Trauma — Contaminated, or Potentially Contaminated 

(1) Extensive laceiations or avulsion injuries 

(2) Tendon 01 nerve divulsions 

(3) Compound fractuies and fractuie-dislocations 

(4) Open amputations 01 leamputations 

(5) Bums and donoi aieas 

(6) Ciushed hand 01 foot 
L Pieexisting Infections 

( 1 ) Osteomyelitis 

(2) Laige soft tissue abscesses 

(3) Infections of the extremities (palmar abscesses) 

(4) Acute 01 chionic suiface ulceis, such as ulcus ciuns and ulcus 

decubitis 

(5) Carbuncles 

(6) Abdominal and thoracic abscesses 

ILLUSTRATIVE CASE REPORTS 

Case A-3 — A — Severe compound fractuies — both bones of the left forearm Service 
of Dr George D Little A D suffered a severe compound fracture of the left forearm 
from a machine accident, and was admitted within one hour of the accident (Fig i) 
Circulation and nerve function were intact Shock and hemorrhage were shortly con- 
trolled, allowing operation to be earned out within two hours of admission The wound 


Pl'itf I 

Case A-3 Compound Fracture of Both Bones of Forearm 
A Preoperative state 

B Three months after accident Encasement discarded and function commenced 

Case B-4 Chronic Leg Ulcer (Micro-aerophilic Streptococcus) 

C Condition on admission to hospital 

D Eight dajs after admission with pressure dressing At this point redressed with 
elastoplast compression dressing and mobilized 
E T\\entj' days later dressing changed 

F Dressing remo%ed at 48 days from the time of admission to hospital Advised 
to wear elastic stockings 
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required considerable muscle debiidement Reduction of the fractures was retained with- 
out mechanical fixation because the sharp ends of the bones caught After packing gauze 
impregnated with sulfathiazole emulsion, a padded plaster of pans encasement was 
applied, including arm, forearm and hand Postoperative course was uneventful The 
first change of dressing was done at six weeks (Fig 2), when a secondary suture was 
carried out Roentgenograms showed no evident bone disease 

At two months, the wound was healed but continued arm fixation m plaster was 
necessary as bony union was incomplete At three months, function has been com- 
menced without occlusive dressing This is the condition at the present time There 
IS no nerve partial paralysis but muscular weakness is still marked and requires physio- 
therapy 

Case A-3 — B — Compound dislocation of elbow — M G H No 2829-42 J 0 , female, 
aged 46, suffered a severe compound dislocation of the left elbows without fracture The 
patient w'as admitted bj'’ ambulance, the aim having been w'rapped in a clean tow'el and 
bandaged The circulation and sensation of the hand and forearm were intact Shock 
w'as moderate and quickly controlled bj’’ plasma, as bleeding had been minimal The 
dressing was not disturbed until the patient reached the operating room, less than three 
hours after the accident Under anesthesia, examination show'ed that the joint had been 
completelj’’ distracted The low'er end of the humerus protruded from a large wound on 
the external surface of the arm The w'ound w'as treated by the technique described 
herein, considerable excision being necessary as much muscle had been destroyed When 
the dislocation w'as reduced, the capsule of the joint w'as approximated with a few inter- 
rupted catgut sutures wdiich did not completely close it The w’ound w'as packed and the 
skin edges approximated Ovei the packing a large dressing and cotton waste padding 
W'as placed A plaster shoulder cap w'as applied, including forearm and hand The 
patient left the hospital five days later 

The first change of dressing was done three weeks after operation, w'hen repacking 
was carried out Six weeks after the injury the second dressing w'as done, all packing 
removed and a secondary suture carried out Again, plaster w'as applied, this time, also, 
for three w'eeks On its removal, tw'o months after injuiy, joint movement w'as com- 
menced At three months, the w'Ound w'as completely healed and movement of the elbow' 
W'as as follow's Flexion 75% restored, extension 90% restored, pronation and suppina- 
tion almost normal At four months, 90% function w'as present in a painless non- 
edematous arm 

Case A-4 — Severe crush injury of w'hole thigh and leg requiring amputation 
JI, age 50, suffered a machine injury which laid open the inner side of his left thigh 
and leg from the femoral triangle dow'n to the calf The adductor and other muscles, as 
well as the femoral vessels and nerve, w'ere severed and crushed in the low'er third of 
thigh On admission, a very efficient large first-aid dressing covered the leg, thigh and 
hip A tourniquet had not been necessary as the crushed vessels thrombosed at once 
Oozing, however, had been consideiable To combat shock-hemorrhage continuous 
transfusions of fresh blood w'ere required, 5,000 cc being given in the first 48 hours 


Plate II 

Case A-4 — Severe Avulsion Injury of Thigh and Leg 
A Preoperative state 

B Amputation stump after nine days Encasement off and packing removed 
C Stump granulations on 2 Sth day after amputation Ready for grafting 
D First dressing of graft after 14 days, showing almost complete take 

Case B-4 — Chrome Leg Ulcer 
E Preoperative state 

F Completed graft after 14 davs, and 35 days after first operation 
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Oxygen and other emergency measures, as on the chart, were earned out Six hours 
after the accident it was considered necessary to inspect the wound in view of the 
absence of leg circulation Cyclopropane permitted only a momentary inspection and 
ligation of the large vessels (On ligation, venous bleeding occurred at the knee via 
profunda femoris) No othei surgery was possible as the patient’s condition became 
very grave A large sulfathia^iolc emulsion pack was quickly sutured in place and a 
padded plaster applied On recovery, 1500 units of A T S and uo,ooo of antigas serum 
were given After 48 hours of further successful antishock hemorrhage treatment it was 
apparent that leg circulation below the knee had ceased and that amputation was neces- 
sary His general condition was excellent by now Open amputation was carried out 
through the lower third of the femur, leaving such flaps as were possible, long on the 
lateral side and veiy short on the medial surface of the thigh A considerable portion of 
the adductor muscle group was excised The very large open stump was first flushed 
with a 5% suspension of sulfathiazole microcrystals, then packed with sulfathiazole 
emulsion gauze, and a pressure dressing with plaster applied to the hip only Post- 
operative recovery was entirely uneventful only occasional transfusion being given 
during the next few days No evidence of general sepsis occurred and on the ninth 
day the dressing was changed, under anesthesia Some further slough was removed 
and the same plaster dressing was reapplied Further dressings were done on the 
nineteenth and twenty-eighth days with plaster On the thirty-sixth daj’’, the open 
wound granulations were removed and split-skin dermatome grafts applied bj" Dr J W 
Gerrie, and the stump enclosed in a “pressure dressing” On the fiftieth day, this was 
removed and a 99% “take” found, the wound being practically healed A small skin 
graft was used to cover the remaining bare area The whole w'ound was healed on the 
seventieth day, when an elastocrepe bandage was first used in preparation for an artificial 
limb 

Case No B-i — Acute osteomyelitis — M G H No 4618-42 A S , female, aged 13, 
was admitted in c'l-tuinis, three weeks after a minor superficial infection m the right leg, 
wuth all evidence of acute osteomyelitis in the proximal end of the left humerus and with 
staphylococcal septicemia She was comatose and her condition w'as considered very 
grave Operation was delayed until 24 hours after admission, during which time 
staphylococcus antitoxin and sulfathiazole W'ere given intravenously wuth excellent effect 
The periosteum over the upper end of the humerus w'as found to be elevated b} pus 
The shaft was drilled and similar pus obtained The wound was treated bj'^ the technique 
described herein and a plaster shoulder cap applied including the foiearm but not the 
hand Postoperatively, the patient’s general condition promptly and decidedly improved 
and blood cultures became completely negative on the day after operation The first 
redressing w'as done at three weeks, and roentgenograms showed extensive involvement 
of the humeral shaft but a normal shoulder joint Subsequent redressings were carried 
out at monthly intervals for four months when, on roentgenologic examination, tw'o 
sequestra were found and removed Local occlusive dressings fortnightly with elastoplast 
have since been entirely satisfactorj'^ Six months after the original admission there is 
only a small draining sinus at the site of the original incision and function of the arm 
IS being restored Roentgenologic examination is satisfactory and the shoulder joint 
has never been involved 

Case B-3 — Infections of extremities (thenar and w'eb space infection) — M GH No 
6465-42 A K , male, age 1 5, w as admitted with a swollen hand resulting from an infec- 
tion of the web space between forefinger and midfinger in consequence of an infected 
blister There were no definite signs of infection of the palmar or thenar space The 
w'eb space w'as incised and considerable pus e\aciiated It w'as packed open and the w'hole 
hand immobilized in padded plaster The case presents the following point of special 
interest Contrarj to the rule, the fever did not subside and the patient complained of 
increasing pain m the hand Following the rules, the encasement was then removed 
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after 48 hours, when a well-developed thenar space abscess was found It was incised 
and packed The padded encasement was reapplied The patient’s temperature promptly 
dropped to normal overnight and the further progress was uneventful As is customary 
in this type of case, he was allowed up at once and left the hospital on the third post- 
operative day The dressing was changed and the pack removed on the tenth post- 
operative day Only one redressing with plaster, for a further period of two weeks, was 
necessary to complete healing Functional recovery ensued 

Cases B-4 — Chrome leg ulcer (vascular) B G, male, age 72, was admitted with a 
chronic leg ulcer of five year*;’ duration which had received little or no treatment During 
the last SIX montlis, it had extended considerably and when seen the whole lower third of 
the leg on its anterior half was deeply ulcerated with necrosis of the exposed tibialis 
anticus tendon and muscle belly At operation, all slough was excised and the wound 
treated as described herein A padded plaster was applied from toes to midthigh 

At three weeks, the dressing was changed and granulations found to be healthy 
The granulations were scraped off and a split-skin dermatome graft applied by Dr John 
Geme A large “pressure dressing’’ was applied This was removed at ten days, 
revealing a 100% take Subsequently no dressings were applied but elastoplast used to 
control some persistent leg and foot edema, on w’alking Four w'eeks later this was 
discontinued Check-up, after six months, show's a good result 

A second chronic leg ulcer in V C a female age 52, had no vascular pathologj' but 
revealed a microaerophihc streptococcus (Meleney) on culture This had recurred 
intermittently for fifteen years and had been currently chronic for two years She had 
a compression dressing w'lth sulfathiazole emulsion applied for nine days in bed She 
was then mobilized W'lth a somew'hat thinner pressure dressing covered with an elastoplast 
bandage These dressings were renewed at appropriate intervals until healed on the 
48th day At one year later there has been no recurrence 

'Case B-5 — Carbuncle on back J P A large carbuncle situated in the mterscapular 
region of the back, m a nondiabetic, was treated by crucial incision and excision The 
w'ound w’as packed and an occlusive elastoplast adhesive dressing applied It was re- 
dressed on the sixth and tw'elfth days On the eighteenth day all packing was removed 
and, on the tw'enty-first day, excision and secondary suture were carried out All dress- 
ings were removed on the thirtieth day, the w'ound being healed Identical results have 
been obtained in diabetic patients using insulin to obtain and maintain control from the 
outset 
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CONTINFOUS CAUDAI. ANALGESIA IN SURGERY'* 

James L. Soethworth, M D , and Robert A Hingson, M.D. 

Stapleton, N Y 

FROM THE UNITED STATES PUBLIC HEALTH SERVICE MARINE HOSPITAL, STAPLETON, STATEN ISLAND, N Y 

On October io, 1941, continuous caudal analgesia was first applied 
clinically, being used to lelieve pain for an operation upon the lower extiemity 
Dm ing the next two months it was used for ten other patients and the lessons 
learned weie applied to obstetrics “ Since then numerous patients have been 
given this foim of analgesia for all types of operations upon the trunk and 
lower extremities and for the relief of pain in labor and delivery ® It 
13 the purpose of this papei to describe m detail the fundamental aspects of 
the method as applied to surgeiy, to outline improved technics of administra- 
tion, to cite certain therapeutic applications, and to bring up to date the results 
of our experience with the method 

Because continuous caudal analgesia is safe and controllable in both extent 
and duration of effect, we believe that it has extended the field of regional 
anesthesia and, thus, indiiectly extended the field of surgery To understand 
the application of this new principle, it is necessary to review the anatomy 
involved, and since caudal analgesia is a form of epidural anesthesia, a con- 
sideration of the epidural space is m ordei 

The cpidmal space is that portion of the veitebral canal not occupied by 
the dura and its contents Superioily it ends at the f 01 amen magnum where 
the dura mater divides into two layeis, one becoming the endosteum of the 
skull and the other the pachymeninx over the brain Within the canal the 
dura lies m close apposition to the periosteum of the posterior aspects of the 
bodies of the vertebrae, and lateially it extends with each nerve root Pos- 
teriorly it has no connections As the nerve trunks emeige from the intei- 
vertebral foramina, a curtain is formed over the opening by connective tissue 
fibers arising from the intervertebral ligaments and fusing with the epineurium 
Occasionally we have noted, in dissecting these epidural spaces, that a median 
fenestrated fibrous raphe is produced by prolongation of the dura along the 
minute nerve fibers extending upward between the spines and to the periosteum 
of the vertebral arches In one instance we found clinical evidence of adher- 
ence of the dura to the promontory of the sacrum 

Thus, the dural sac w ith its contents of spinal cord and cerebrospinal fluid 
almost completely fills the vertebral canal, allowing only three to six milli- 
meters between the ligaments and the sac itself Approximately nine-tenths 
of the space lies lateral and posterior to the dura and is filled with adipose 
tissue in a solid and semisolid state and wnth a rich plexus of blood vessels 
consisting of the veins of the internal vertebral plexus * 

* Published with permission of the Surgeon General of the United States Public 
Health Service 

Submitted for publication October 20, 1943 
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shape of this opening is tnangulai, the apex of the triangle being superior 
The apical angle varies fiom 20 to 60 degrees and its extent is determined by 
the width of the hiatus Due to failuie of fusion of the 3d, and perhaps higher, 
sacial laminae, in addition to the 4th 01 5th, the hiatus may extend a greater 
distance upward In some instances it may be placed entirely at a high level, 
so that the flooi is foimed by the bod\ of the 2d or 3d sacral vertebra rather 
than the 4th or 5th Due to inteimittent failure of fusion, additional openings 



Fig 2 — Raising skin wheal immediately below sacral hiatus 


into the sacral canal may exist together with a more or less normally placed 
hiatus In some sacra no roof is present over the canal, in which case the 
hiatus may be said to extend from the usual location to the beginning of the 
lumbar epidural space Bony overgrowths of adjacent structures may entirely 
obscure the hiatus, a flattened 4th sacral spinous process being the common 
oftender 

The practical importance of these facts is evident A knowledge of the 
variations of the sacral hiatus is necessary in order to introduce a needle into 
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the sacial canal of all subjects Lack of this knowledge is an obstacle to the 
beginner and is the cause of eaily failuies 

Fiom a considei ation of the stiuctuie of the epiduial space as desciibed, 
It can be visualized that an anesthetic solution spieads posteiiorl) up into the 
space and at the same time extends lateially thiough the sacial and mter- 
vertebial foiamina It fiist affects the postenoi loots by reason of their 
pioximity but soon spieads to the united lOOts to pioduce motoi effects The 
autonomic is leadily anesthetized because of the small caliber of its fibeis and 
the absence of a myelin sheath Because of the fibi ous cui tain ovei the mtei - 
veitebial foramina, fluid injected into the epiduial space must infiltrate into 
the nerve lOots oi pass thiough the connective tissue network into the paia- 
veitebral spaces m ordei to pioduce effects 

With continuous caudal analgesia, as with other foims of legional anes- 
thesia, minimal changes in a ital functions occui How^ever, certain physiologic 
aspects requiie mention 

Loss of sensation undei the influence of caudal analgesia occurs much 
slower than under spinal anesthesia Shortly after administration of the 
initial dose of anesthetic solution by the caudal route, loss of sensation can be 
noted on the buttocks about the sacial hiatus As the sacral and lumbar nerves 
are successively affected, loss of sensation proceeds over the buttocks, up ovei 
the sacrum, and anteiioily ovei the peiineum to the abdominal w^all At the 
end of five minutes it is possible to demonstrate saddle analgesia fiom an 
initial dose of 30 cc of i 5 per cent met^came solution The appearance of 
saddle analgesia, or bilateral sensation loss, inferior to the hub of the caudal 
needle is a valid indication that the needle is situated within the sacial canal 
If such sensation loss is piesent aftei five minutes wuth the dose described, the 
needle is rvithin the sacral canal , if such loss is absent, the needle is not wuthin 
the canal The extent of saddle analgesia that follow’'s an initial dose of 30 cc 
of I 5 per cent metycaine is a valuable guide to individual 1 espouse to caudal 
analgesia 

Within ten minutes aftei admmisti ation of a dose of metycaine as 
described, there is usually analgesia of the sciotal 01 vulval area, and at the 
end of thirty minutes the level of effect has reached its maximum height wdnch 
is to the umbilicus (loth thoracic segment) in the average subject The 
height to which such a dose may rise is subject to individual variation The 
maximum is to the xiphoid and the minimum to the symphysis pubis 

Dissociation of loss of sensation occurs wath this form of analgesia The 
sensation of intrinsic pain is first to be obliterated, and this is follow'ed shortly 
by loss of appreciation of extrinsic pain As the effect of the drug proceeds, 
there is loss of sensation of touch and loss of appreciation of temperature 
One can map out areas in wFich loss of sensation to extrinsic pain is obtained 
but in wdnch touch can still be appreciated as analgesia progresses This touch 
perception is giaded from grosser to finei forms Loss of pain sensation is 
present to thiee segments Inghei than loss of touch when the maximum level 
foi a given dose has been 1 cached For suigical pioceduies it is necessary to 
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make sure that the field is anesthetized to the extent that touch can no longer 
be appreciated While some patients will permit opeiation in a field in which 
touch can be felt, most prefer to feel nothing 

Motoi loots are afifected shortly after sensory roots by anesthetic solutions 
m the epidural space With large doses of solution, motor effects are pro- 
duced more rapidly and are more profound than with small doses It is be- 
lieved that the solution diffuses through the intervertebral foramina, affecting 
the sensoiy roots first but soon producing motor effects by penetration of the 
motor root or formed neive 



Tic 3 — Infiltration with fascia needle down to ligament with anesthetic solution 


It IS quite possible to produce satisfactory surgical analgesia and, at the 
same time, retain a certain amount of motor control The use of continuous 
caudal block in surgery has demonstrated that motor nerve paralysis is unneces- 
sary for production of musctdai relaxation If sensation, indeed, if pain 
perception alone, is interrupted to the muscles of the abdominal wall, for ex- 
ample, adequate relaxation follows Therefore, relaxation obtained from 
Cciudal block is always excellent when adequate levels of sensation loss are 
produced Relaxation so produced constitutes one of the principal advantages 
of caudal block as a surgical anesthetic Thus, continuous caudal analgesia is 
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especially valuable for the seriously ill patient, providing widespread muscular 
relaxation yet maintaining the inherent safety of a nerve block procedure 
The question of intestinal tonus is of interest to surgeons when considering 
an anesthetic method Because it reaches only the sympathetic suppl}^ to the 
gastro-intestinal tract, caudal block produces increased intestinal tonus in the 
absence of initative or obstructive lesions of the bowel In the presence of 
irritation or obstruction, intestinal activity and tone is similar to that noted 
with spinal anesthesia In elective or interval operations, the intestines he 
quietly in the abdominal cavity so that operative procedures are facilitated 
Respiration is not affected by high caudal block With solutions of cus- 
tomary strength, such as i 5 per cent met3^caine, one obtains surgical analgesia 
m the upper thoracic segments without evidence of intercostal paralysis It 
seems that as anesthetic solutions are forced higher into the epidural space 
they tend to produce sensory effects without motor paralysis, due perhaps to 
dilution of the anesthetic solution Patients have been observed with anes- 
thesia of the entire distribution of the ulnar nerve from high caudal block 
Mith no effect on the diaphragm 

The effect of caudal block on blood ptessitre depends on three factors, 
namely, rate of absorption of the drug, rapidity of extension of sympathetic 
nerve paralysis , and final height of effect 

In the average subject in whom low caudal block is employed, as in ob- 
stetrics, blood pressure effects are minimal The rate of absorption is low, 
and high levels with extensive sympathetic paral} sis are not produced If a 
vein IS pierced at the beginning of the procedure, some of the solution may 
be forced into the general circulation so that blood pressure falls If large 
doses are employed after a bloody tap, inci eased amounts of solution may be 
absorbed, with marked fall in blood pressure and other toxic phenomena 
Thus, it IS important m poor risk patients and m cesarean section to avoid a 
bloody tap when administering caudal block 

Fall m blood pressure may also be produced by sympathetic nerve paralysis 
alone In low caudal block the extent of sympathetic effect is insufficient to 
produce marked change If a high level of analgesia is produced rapidly, 
compensating factors which help regulate arterial tension may be overcome 
so that a marked and precipitous fall occurs With careful technic and with 
regulation of rapidity of rise of analgesic level, it is possible to produce anal- 
gesia in the 1st thoracic segment without change in blood pressure 

Fall m blood pressure as produced by caudal block, when absorption of 
drug IS not a factor, does not represent the same physiologic change as a 
similar fall produced by spinal anesthesia Marked low’enng of arterial ten- 
sion from spinal anesthesia is usually accompanied by evudence of shock and 
anoxia Such is not the case with caudal block We have observ'^ed that blood 
pressure may fall so low^ as to be unobtainable w ith a sphygmomanometer with- 
out signs of caidiac embarrassment, changes m skin humidit)’' or changes 111 
the color of the blood In this circumstance the patient falls asleep but suffers 
no ill effects The pressure responds readily to the common v^asoconstrictive 
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finely divided state This is diluted just befoie use with physiologic saline 
solution Epinephrine must be added when this diug is used for regional 
anesthesia, a concentration of about 1/200,000 being satisfactoiy We have 
employed pontocame foi epidural analgesia by the caudal route 111 strengths 
of 02 to 025 pel cent, wnth epinephrine Moie than 150 mg but probably 
less than 250 mg may be given at a single dose In our expei lence the action 
of pontocame has been somew'hat erratic A dose of 30 cc of o 2 per cent 
solution, wath addition of epinephime, will usually produce a low caudal 
block of suigical intensity after fort> minutes This effect wnll persist from 



fifty minutes to six hours It seems that pontocame sometimes only partially 
blocks nerve conduction Further work with pontocame may prove it useful 
as an epiduial anesthetic for lelief of postoperative pain An optimum con- 
centration, as j’-et not found by us, may be necessary for best results 

Metycame w^as synthesized in 1926 It is a fine wdnte powder, soluble in 
v;ater one to one, and freely soluble m alcohol and chloroform In aqueous 
solution It is faintly acid In the strength of i 5 per cent m physiologic salt 
solution It does not lake red blood cells and appeals to be nonirritatmg to the 
tissues locally It is employed for local, regional, and spiral anesthesia Eli 
Lilly and Company manufactures it and furnishes it in bulk pow^der, m solu- 
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tion, m ampules, and m othei forms The most convenient package foi use m 
caudal analgesia is an ampule containing 5 cc of 20 per cent solution (i giam 
of drug) Solutions may be prepaied from this ampule by dilution with 
sterile physiologic saline Solutions piepaied from the powdeied drug may 
be autoclaved 01 boiled, and stoied without detei loration Epmephiine may 
be added to solutions prioi to use A concentration of appioximately 
1/300,000 is adequate The total amount of metycaine tolerated at a single 
injection epidurally is 111 excess of one gram but is less than thiee grams This 
drug seems to be rapidly absorbed and eliminated Consideiably gi eater 
amounts may be administered by serial injection We have used doses of 
five grams, or over, during six-hom periods without immediate or delayed 
toxic effect One and one-half per cent metycaine solution, with addition of 
epinephrine in the strength of 1/300,000. produces prompt, complete, nerve 
conduction block Thirty cubic centimeters of this solution administeied into 
the epidural space through the sacral canal produces a low caudal block of 
surgical intensity after ten to fifteen minutes This effect may be depended 
upon to persist for a minimum of one houi and may last foi two hours 

The local anesthetic drugs aie appaiently metabolized in the livei They 
aie broken down or conjugated or otherwise “detoxified” there, and the 
metabolites are rathei piomptly excreted m the uiine Even after veiy large 
doses, almost all excretion has taken place within twenty-foui hours, most of 
R within the first eight hours Little 01 no unchanged diug is to be found 
in the urine 

As a gioup, the local anesthetic drugs aie cential stimulants of the con- 
vulsive type Toxic symptoms may follow mtiavenous injection or oveily 
rapid vascular absorption Systemic reactions fall into three geneial types, 
characterized respectively by (a) Signs of cential nervous nutation, such 
as restlessness, apprehension, loquacity, sweating, pallor, palpitation, nausea, 
tremors, and m the more severe cases unconsciousness and convulsions , (b) 
circulatory collapse 01 shock manifested by sudden fall in blood pressuie, 
bradycardia, and in severe cases stoppage of the heait, and fc) true allergic 
symptoms such as bronchospasm urticaria, or angioneurotic edema Parts 
of the first two types may occui together There is some evidence that a 
rapid rise in blood level, as with madveitent intravenous injection, is more 
likely to produce the second type of reaction, and that the slower attainment of 
a high level, such as after infiltration of overly large doses, tends to produce 
the first type The rule is by no means umveisal, however, and different 
individuals appear to vary greatly in their susceptibility The true allergic 
type of reaction is raie 

The convulsive type of reaction can be prevented by the previous adminis- 
tration of sedative doses of the barbiturates These drugs, given intra- 
venously, are of some value in treatment of convulsions, but treatment is less 
satisfactory than prevention For the collapse type of reaction the barbituiates 
have little value, and pressor drugs, cardiac and circulator}’’ stimulants, plasma, 
and measures used to treat other types of shock should be employed 
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Table I summarizes pharmacologic effects of interest Procaine in i 5 per 
cent concentration, with addition of epinephrine, is a satisfactory solution, 
but increased incidence of mild toxic effects from its use in our hands led us 
to seek another drug We do not prefer pontocame because of apparent lack 
of prompt, uniform, complete sensory block For the present we continue to 
recommend metycaine i 5 per cent in physiologic saline, with epinephrine 
1/300,000, as the drug solution of choice for continuous caudal analgesia 
m surgery For therapeutic caudal block epinephrine is omitted 

Certain principles concerning control of level of analgesia and methods of 
determining dosage for a given patient have become apparent as more experi- 
ence has been gamed with the use of continuous caudal analgesia in surgery 
One advantage of this method is that it is controllable in level, depth, and 
duration of effect , this feature is unique in the field of regional analgesia, but 
stems from the continuous feature of spinal anesthesia devised by Lemmon 
Control of level of analgesia m caudal block is exercised by regulation of the 
quantity of solution given at any one time, by the speed with which the injec- 
tion is given, and by taking advantage of the effect of gravity The height to 
which effect is produced is proportional to the amount of solution administered 


Table I 


PHARMACOLOGIC EFFECTS OF LOCAL ANESTHETIC AGENTS 


State of sensory block 

Period of effect 
Unpleasant sensationst 
Elimination of drug 
Toxicity from routine use 
Resumption of nerve function 


Procaine* Pontocame* 

Prompt and complete Slow in onset 

Sometimes incomplete 
20 min to hours SO mm to 6 hours 
None None 

Rapid Rapid 

Increased mild reactions Few mild reactions 
Complete Complete 


Metycaine* 

Prompt and complete 

1 to 2 hours 

None 

Rapid 

Few mild reactions 
Complete 


as a continuous injection Small amounts giv^n as single doses serve only to 
leinforce analgesia at low levels Larger amounts spread into the upper 
reaches of the epidural space Although individuals vary, averages serve as 
a valuable guide to dosage 

Speed of injection is a less dependable method of control In general, a 
given amount of solution will produce effects at higher levels if it be rapidly 
injected For perineal analgesia, for example, administration is slow, so that 
the greater part of the solution will remain at a low level and thus effect an 
economy of drug Variation in size of the openings surrounding the nerv’-e 
trunks at the sacral intervertebral foramina may influence speed of injection 
as a controlling factor, and may account for its lack of reliability 

The effect of gravity on solutions injected pendurally through the caudal 
canal is quite constant and is a valuable method for control of level of effect 
By tilting the table down at the head, a given amount of anesthetic solution 
vill produce effects two to three segments hi gher than when administered 

*Procame 1 S per cent in physiologic saline with epinephrine, pontocame 0 2 or 0 2S per cent m physiologic 
saline wnth epinephrine, metycaine 1 S per cent in physiologic saline with epinephrine 

tSome patients note tingling m the extremities dunng onset of analgesia with these drugs but this sensation 
IS not usually unpleasant 
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With the patient horizontal Conveisely, tilting the table down at the foot 
tends to puddle the solution at lower levels The patient may be placed in 
the lateral position for unilateral operations as in inguinal hernia, the affected 
side being lower By judicious combination of these methods one can pro- 
duce varying levels of effect at will 

Control of depth of analgesia may be exercised through concentration of 
anesthetic solution For all ordinary surgical and therapeutic caudal blocks, 
however, i 5 per cent metycame should be used Control of duration of anal- 
gesia IS exercised by admimstiation of supplementary doses of drug solution 
at intervals determined by experience 

For the purpose of determining dosage and control methods required for 
satisfactory analgesia m a given case, we have found it convenient to make 
three categories , namely, low, mid, and high caudal block 

The term low caudal block is used when analgesia is required no highei 
than the ist lumbai segment It is used for operations upon the rectum , the 
perineum, as m perineal prostatectomy, vaginal plastic operations, including 
vaginal hysterectomy , and intra-urethral operations It may also be employed 
for circumcision, excision of hydrocele and other procedures in this region if 
desired For these opeiations it is necessary to completely block conduction 
in the 1st lumbar segment When this is done, some disturbance of conduc- 
tion (loss of sensation of pain) results at slightly higher levels As most of 
the nerves which innervate these operative fields are near the sacral canal 
they are readily blocked with comparatively small amounts of solution 

For low caudal block an initial dose of 30 cc of i 5 per cent metycame 
solution is administered This is given slowly and the table need not be 
tilted Within 15 minutes this will produce suigical analgesia which will 
persist for about one hour If subsequent injections are required, 30 cc at 
hourly mten^als will suffice 

In certain instances low caudal block may be continued postoperatively 
After hemorrhoidectomy 10 cc of i 5 per cent metycame solution may be 
administered hourly for 12 to 14 hours, with complete relief of pain during 
the period of block Subsequent pain m the operative site has seemed less 
severe 

Mid-caudal block is employed for operations m which complete conduction 
block IS required in the upper lumbar and lower thoracic segments as well as 
m the segments below It is used for operations on the pelvic organs tians- 
pei itoneally , supiapubic prostatectomy, ingmnal and femoral hernioplasty , 
cesarean section , and, with a variation m technic, for operations on the lower 
extremities In a previous report we could not recommend caudal analgesia 
for operative procedures requiring surgical analgesia above the umbilicus, but 
additional experience has convinced us that mid-caudal block is also useful 
for appendicectomy and ventral hernioplasty 

For abdominal operations it is necessary to block the upper lumbar and 
lower tlioracic nerves Here again the trunks are comparatively small and 
ti averse a short distance to the abdominal structures They aie readih 
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anesthetized by small amounts of solution pei nerve Theiefore, in order to 
spread anesthetic solution into these upper levels the table is tilted down by 
the head at the time of injection 

This technic applied for low abdominal operations gives a safe, adequate 
anesthetic v/ith good muscular relaxation The patient remains in excellent ^ 
condition throughout In ciitically ill patients, opeiations may be performed 
with exposuie and relaxation associated with spinal but with shock-free fea- 
tures associated with local In cesarean section the baby is born ready to 
breathe and uterine tone usually will be found satisfactory without the routine 
use of oxytoxics In some instances it is necessaiy to make haste in removing 
the fetus and placenta in order to a^mid technical difficulties from increased 
uterine tone In cesarean section and with patients who are to be delivered 
of a massive ovarian tumor, it is wise to allow the analgesia to maintain its 
full height for 15 to 20 minutes befoie beginning operation 



Fig 6 - — Special tubing attached over the collar of caudal needle illustrating use of 
continuous caudal apparatus 


In mid-caudal block used foi opeiations on the lovei extiemities it is 
desirable to concentiate a considerable quantity oi anesthetic solution in the 
lumbar aiea so the lumbosacral plexus roots will be bathed in large amounts of 
drug Because of their large size, increased amounts of drug solution per 
nerve aie required to quickly and completely interrupt conduction It is less 
important to affect the lover thoiacic roots for analgesia of the extremities 
Therefore, in ordei to concentiate effect in the lumbar region, the table is 
tilted down at the foot at the time of injection 

Mid-caudal block applied to operations on the lower extremities gives safe 
surgical analgesia vith musculai relaxation which facilitates operative work 
Such relaxation together with surgical analgesia may be obtained in the aged, 
or in recently shocked or debilitated patients, with a minimum of risk We 
have found this anesthesia to be particularly suited for operative procedures 
upon the hip in the aged Prolongation of operative time caused by roent- 
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iiiologic examination of internal fixation devices is not injuiious In obligate 
iiputations upon patients with gangrene of artenoscleiotic oi diabetic oiigni 
lie may operate seem e in the knowledge that the anesthesia adds nothing to 
le odds against the patient 

This type of anesthesia has been found of value in treatment of casualties 
ijured below the umbilicus, as in compound fiactuie of the lower extiemity 
L has been found practicable to anesthetize these patients m the receiving 
Dom and conduct all subsequent examinations and treatment covering four- 
1 six-hour periods, wnth the patient fiee from all pain Prolonged anestheti- 
ation by means of continuous caudal block, plus an transpoit, might prove 
f value m treatment of certain battle injuiies For a suigeon experienced 
I the method this anesthetic is ideal for opeiations that must be pei formed m 
hips on the high sea, paiticulaily when skilled assistance is not available 
For mid-caudal block an initial dose of 30 cc of recommended solution is 
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administered Five minutes is allowed to elapse and the sacral area is tested 
with a needle If saddle analgesia can be demonstrated the needle is situated 
within the sacral canal Five minutes after administration of the first 30 cc 
a second unit of 30 cc is administered and the anesthetic or operating table is 
tilted If the proposed operation is in the extremities the table is tilted down 
by the foot five degrees m ordei to hold the solution in the lumbar areas If 
the operation is in the pelvis or abdomen, the table is tilted down by the head 
five degrees m order to extend the effects more completely into the midthoracic 
aiea Twenty to thirty minutes after administration of the first unit of the 
dose, analgesia will be found complete With the technic recommended for 
abdominal work, surgical analgesia will extend to the costal margin Anal- 
gesia will persist for one to one and one-half hours Subsequent injections of 
40 cc are given as required In pelvic operations the five-degree tilt of the 
table IS maintained and is found to be sufficient to keep the bowel out of the 
pelvis While steeper angles are not contraindicated for anesthetic reasons, 
they will not be found necessarj'’, and if not employed relieve the patient of the 
added burden of the weight of the abdominal contents against the diaphragm 

When analgesia is required for operations in the upper abdomen and lower 
chest, that is, with complete conduction block to T4 01 higher, we term the 
procedure high caudal block Our experience in this field has been limited to 
33 cases, but the results so far have been encouraging Height of effect is 
achieved by use of increased volume of solution and by utilizing the effect of 
gravity Chart i is the record of a seriously ill patient operated upon undei 
high caudal block, and retuined to the ward in as good condition as when 
he left 

Foi high caudal block an initial dose of 30 cc of recommended solution is 
given After five minutes the table is tilted down by the head five degrees, 
and a second 30 cc is given At the end of a second five-minute period a third 
I nit of 30 cc IS administered This procedure usually results in surgical 
analgesia to the nipples or clavicles thirty minutes aftei the first injection 
The effect persists for one to one and one-half hours Supplementary doses 
of 50 cc are given if required Table II summarizes in brief form the doses 
of anesthetic solution requiied for surgical procedures 

Table II 

SUMMARY OF DOSES RECOMJIENDED 
(Metjeame 1 5 Per Cent) 


pe Amt Cc 

Lob caudal block 30 

Mid caudal block 30-30 

High caudal block 30-30-30 


Intenals represented by dashes between units of initial dose are five minutes Supplementary doses 
are 30 40 and SO cc respectively 

Certain technical details of importance in care of patients and in adminis- 
tration of continuous caudal analgesia have become apparent These include 
preoperatik e care, choice of instrument and technic of insertion, including 
piecautions, and postoperative care 
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Caudal analgesia in surgery requires no change in routine of pieoperative 
care, yet sometimes advantageous changes can be made When the surgical 
condition peimits, as in the case of vaginal plastic procedures, little immediate 
preparation need be given The patient may be given a light bi eakfast, sent 
tc the operating room iMthout premedication, operated upon, and returned 
to the ward with little disturbance of the normal routine of living Insulin 
and diet may be given as usual to diabetics In the aged undergoing operation 
for painful conditions, preoperative medication should be omitted Restless- 
ness from disorientation, if present, may then be safely controlled with 
minimal doses of penthothal sodium Patients who are to undergo cesarean 
section should have no preoperative medication 

For surgical procedures caudal block is started with the patient in the pi one 
position The hips may be elevated with a pillow Aftei the first unit of the 
initial injection the patient is turned to the position required by the suigeon 
For cesarean section it is begun with the patient in the lateral position, as for 
spinal, but the patient is placed on her back before the second unit of the 
initial dose is given A final inspection of the needle and its attachments 
should be made prior to draping m order to make ceitam that the needle i§ 
still correctly placed and that the conducting tubing is attached 

Since the introduction of continuous caudal analgesia, we have used a 
special malleable No 19-gauge steel needle, devised by one of us (R A H ), 
which IS allowed to lemain in the sacral canal throughout the procedure In 
our experience this has been the instrument of choice for the continuous 
technic It is small enough to permit repeated trials at insertion with little 
trauma, a factor which is of importance to beginners Flexibility of the needle 
allows it to assume the natural cuive of the sacral canal while its comparative 
rigidity adds to the security of its position Its small size minimizes entrance 
of infection when the apparatus is left m place for prolonged periods After 
insertion of the needle the anesthetic solution is introduced in intermittent 
doses in amounts sufficient to maintain the desired effect 

Other instruments aie in use Adams, Lundy, and Seldon® advocate use 
of a No 13-gauge needle for original caudal puncture Through this needle 
? No 5 catheter is inserted The needle is then withdrawn and the catheter is 
allowed to remain in the sacral canal Irving, Lippincott, and Meyer, and 
Seiver and MouseF have also employed this technic, with slight modifications, 
Mith good results In surgical patients ne have found that insertion of a 
lound-tip catheter nell above the usual termination of the dura sometimes 
gives more rapid onset of analgesia in the abdomen Block and Rochberg,'’ 
and Posner and Buch,^® have advocated administration of anesthetic solution 
by means of continuous drip through a needle in the sacral canal 

Success obtained in the use of caudal analgesia depends primarily on the 
accuracj^ uith which a needle can be lo'^erted into the sacral canal through 
the sacral hiatus This procedure is somewhat more difficult than lumbar 
subarachnoid tap, but one w Inch can be readily learned The technic has been 
I'ell described For best results the needle is inserted with the be\el 
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posteriorly so that it will slide along the periosteum of the roof (posterioi 
Mall) of the sacral canal ivithout piercing the periosteum or any of the thin- 
v/alled veins which are numerous m the lateral and anterior paits of the canal 
For unilateial opeiations we have found it practicable to direct the needle to 
the affected side m order to produce quicker, moie profound, unilateral 
analgesia AVhen done caiefully, this has not been folloived by increased 
incidence of bloody tap 

When using oui technic several piecautions must be taken It is necessaiy 
to be sure that subaiachnoid tap has not been pei formed madveitently In 
our expel lence caieful aspiiation will usually reveal ceiebrospinal fluid if 
the dura has been pierced Lundy^^ recommends that aspiration be performed 
gently for more accurate results We have performed inadvertent subarach- 
noid tap sixteen times in attempting caudal analgesia In all but two instances 
clear or bloody spinal fluid flowed back fieely into the aspiiatmg syringe, 
anesthetic solution injected extradurally into the sacral canal cannot be freely 
aspirated Aftei subarachnoid tap, caudal analgesia should not be attempted 
in the same patient for 24 hours Beginners 01 occasional operatois, wdien 
using our technic, aie advised to use a test dose of 8 cc of i 5 pei cent mety- 
caine solution (about 120 mg ) to be suie that occult subarachnoid tap has 
not occurred Th’s dose placed wuthin the subaiachnoid space m the sacral 
canal will produce a low% safe, spinal anesthesia m ten minutes, as evidenced 
by extensive saddle analgesia and definite motoi w^eakness in the low'ei extrem- 
ities It will not pioduce a complete longer abdominal spinal anesthesia If a 
low^ spinal IS obtained fiom the test dose, no attempt should be made to extend 
the effects of the spinal by additional doses Work done in this lespect wull 
be reported sepaiately If an 8 cc test dose pioduces no evidence of sub- 
arachnoid anesthesia, injection is earned on wnth doses recommended, the 
original 8 cc being disregaided 

The appeal ance of blood thiough the caudal needle does not necessarily 
constitute a contraindication to continuing the pioceduie The needle is 
wnthdrawai a few^ centimetei s, gently lotated, and reinseited In this w'ay free 
bleeding thiough the needle can be avoided In robust patients undergoing 
elective piocedures, injection may pioceed immediately In poor risk patients 
in the aged, and in patients who are to undergo cesaiean section, ten minutes 
are allowed to elapse after bloody tap to allows clotting about the pierced vein 
In this w^ay one may avoid forcing significant amounts of anesthetic solution 
directly into the mjuied vein 

The postoperative couise of patients operated upon under caudal block is 
smooth Atelectasis, distention, urinary letention, vomiting, and phlebitis 
are rare Motor paralysis rapidly w ears aw^ay and the patient is able to move 
about in bed Sensory block gradually fades leaving comparatively pain-free 
w^ounds About one in tw^enty patients complain of soreness in the lower 
back but none have required special medication foi relief, and it has not been 
noted by any on the second postoperative day Headache as a sequela of the 
anesthetic has not been observed 
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Caudal block may be employed for therapeutic purposes through its tem- 
porary paralytic action on the sympathetic system Low caudal block from 
30 cc of I 5 per cent metycaine solution produces a lumbar sympathetic block 
that persists for about one hour. It may be employed in diagnosis and treat- 
ment of certain vascular diseases Estimation of vasospastic factors in 
peripheral arterial disease in the lower extremity is facilitated by measure- 
ment of skin temperatures before and during temporary sympathetic paralysis 
The work of Leriche and Kunlin,^^ and Ochsiier and DeBakey,” has 
shown that acute thr ombophlebths of the lower extremities is benefitted by a 
temporary block of the lumbar sympathetic system Formerly this was done 
by lumbar paravertebral block We have found that sympathetic paralysis 
may be produced by the simpler technic of caudal block Low caudal block is 
sufficient to produce the desired result 



Fig 8 — Posterior sacral ligaments and sacral canal with posterior surface of sacrum removed 

This type of treatment foi acute thrombophlebitis requires that a temporal y 
lumbar sympathetic block be produced as soon as possible aftei the diagnosis 
IS made and at frequent inteivals thereafter until improvement or cure results 
We have found an alternate method promising A low caudal block is given 
and maintained for a period of four hours It is then allowed to wear away 
for a four-hour period, but the needle is left in place A second period of 
block IS then begun and maintained for four hours , in all, a 12-hour procedure 
with eight hours of block 

Caudal block produces prompt, lasting pain 1 elief in phlebothi ombosts of 
the lower extremities and is a valuable adjunct in the treatment of this 
condition 

Epidural injections of saline or anesthetic solutions have long been used 
in treatment of sciatica In the absence of organic changes in the adjacent 
structures or in the nervous system, that is, in idiopathic sciatica, some suc- 
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cess has been obtained Kelnian^^ and others give massive dose injections 
with the purpose ot leleasmg adhesions about the lumbar and sacral nerve 
roots Evans^'^ is of the opinion that smallei doses are sufficient for this 
effect W e have considered the possibility that relief that occurs in idiopathic 
sciatica might be due to tempoiaiy interruption of pain and spasm, although 
It is difficult to correlate this view with the fact that occasionally small saline 
injections produce dramatic cures 

In the tieatment of sciatica, a low caudal block is admimsteied and the 
patient is asked to leport his opinion as to the benefit he has derived after a 
lapse of 48 hours If he feels that he is improved, a second and third treat- 
ment are given 48 hours apait It is believed that maximum improvement 
IS leached after three treatments Empirically, we have treated 21 cases of 
sciatica of the idiopathic type with low caudal block, employing i 5 per cent 
metycaine solution and have noted improvement sufficient to allow the patient 
to return to duty in fifteen cases 

Minor shams and contusions of the lower back aie often benefitted by 

/ 

one or two low caudal blocks It seems that m these conditions temporary 
relief of pain and muscle spasm is followed m some instances by prolonged 
relief of symptoms and cure The patient is allowed to be judge of the 
efficacy of the treatment, and none are urged to undergo a second treatment 
if definite benefit has not occurred within 48 hours after the initial injection 
Those who obtain prolonged relief readily submit to additional treatments even 
vhen they consider the treatment itself painful 

Inh actable pain in the pelvic regions, when due to a temporary or sur- 
gically amenable lesion, may be relieved by continuous caudal analgesia In 
this category perirectal cellulitis and abscess may be rendeied painless m the 
preoperative stage Perineal phlegmon, likewise, may be relieved if infection 
does not extend near the sacrum Acute salpingitis sometimes responds 
favorably to repeated continuous caudal blocks with prolonged pain relief 
resulting Localization of infectious processes is in no way interfered with 
bj use of a continuous caudal block , in fact localization appears to be hastened 
Pain from ureteral calculus may be relieved by caudal block The analgesia 
may be administered for relief during a period of conservative therapy, pre- 
operatively, or for operation Occasionally, prolonged relief follows a mety- 
came caudal block in patients with pain from advanced pelvic carcinoma 

The observation that blood pressure may be restored to normal levels in 
hypertensive patients under the influence of caudal block brought up inter- 
esting possibilities Southworth and Russek^® found that in all cases studied, 
blood pressure in the hypertensive is low'ered, safely, for the duration of the 
block A rapid return to previous levels occurs in fixed hypertensives In 
some patients with labile blood pressure and intermittent hypertension, a 
period of temporary sympathetic paralysis as produced by caudal block is 
followed by comparatively prolonged levels (one to two weeks) of normal 
pressure, and by subjective improvement It is not believed, however, that 
intermittent sympathetic block is of any value in treatment of hypertension 
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Obseivations on a few patients with hypertensive crises have shown promise 
that some benefit may acciue from temporary loweiing of arterial piessure 
Edwards and Hmgson/ and Siever and Mousel,^ have obseived beneficial 
effect from caudal block on eclamptic patients 

Continuous caudal analgesia has one definite disadvantage for routine use 
as a surgical anesthetic It is time-consuming When the services of a 
ti allied anesthetist are available so that cases may be prepared in advance, 
this factor is eliminated As we gam more expeiience we find that the 
lequired time interval as described can be greatly shortened 

The complication'! of continuous caudal analgesia as applied in general 
surgery have been mentioned throughout the text but will be considered 
together here 



Tig 9 — Anterioi sicral ligaments with roof of sacnl canal exposed 

Syncope has been observed in numeious jiiatients during or shortly after 
the initial injection Tins phenomenon consists of transient loss of con- 
sciousness for a few ( lo to 30) seconds In no instance has this been fol- 
lowed by any sequela whatsoevei The patient quickly regains consciousness 
and believes that he dozed oft It is thought that this minor complication is 
due to sudden compression of the dural sac Dizziness and bradycardia, 
which occur at times during the course of an injection, may be due to the 
same cause 

Nervousness, nausea and occasionally vomiting may occur during the 
course of caudal analgesia This is attributed to toxic effect of the anesthetic 
drug from rapid absorption These symptoms may follow bloody tap in the 
sacral canal if sufficient time is not allowed for clotting to occur Once we 
found It necessary to discontinue caudal analgesia because of bleeding and 
too rapid absorption of solution Nausea and restlessness may be produced 

966 






^Prte^ r,^_ 


t\x. 







casej ^“sjojj 


of 


do. 


^S'^sia f 


fc, 


ooj^ 




Cs 


/,a, 

4 1 '"^^"c: y-o ^b^yy’’ 

“Pera,.::'' P 3 t'e„f 7 : -'' ^fter ,^.P°«Po„; *'■ fen,, 


, """fan J’*" ^"Pu/n?"''"’- « r f,„“ ‘°'S'ef/,er „ 




3^7 


^^'as 


P6; “"P m,rfe4'^ ^•»dorgo^r,„; 

Pfter^> P/ec. 
'’" 4/ood 


SOUTHWORTH AND HINGSON 


Annals or Surgery 
December 1 9 4 J 


pressuie and othei symptoms had responded to the administration of % 
gram ephedrme sulfate No unfavorable sequelae followed either of these 
occuri ences 

Infection has occuri ed twice as a complication of caudal analgesia in 
surgical patients In one instance superficial cellulitis of low giade appeared 
about the needle entrance No involvement of the sacral canal was present 



Fig II — Showing special caudal needle m place in the sacral canal through sagittal section 


and there was no nerve damage This infection subsided after administration 
of sulfathiazole In the second instance serous drainage from the needle 
site appeared No involvement within the sacrum vas present and this con- 
dition healed spontaneous!)’’ The possibility of infection is ever present in a 
continuous nerve block procedure For this reason we now seal the junction 
of the skin and needle with a liberal amount of sulfathiazole ointment 

In our hands, continuous caudal analgesia has been 96 7 per cent effective 
for the operation for which it was intended Failures have been due to 
learning, to teaching, and to anomalies of the sacrum In two instances, 
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with seemingly normal sacra and proper technic, we have been unable to 
raise the level of analgesia high enough for the procedure at hand This 
occur! ed once in a patient with an inguinal heinia and once in a patient about 
to undergo abdominal perineal resection 

Continuous caudal analgesia m surgery may be supplemented by inhala- 
tion or intravenous anesthesia or additional local or regional block It is not 
thought wise to employ spinal anesthesia directly after a failuie at caudal 
When it is desirable to supplement caudal for the patient’s benefit, rather 
than for surgical or anesthetic reasons, sodium pentothal is the agent of 
choice A small amount will keep the patient asleep 


Type 

Penneal plastic operations 
Transurethral operations 
Hemorrhoidectomy 
Miscellaneous urologic procedures 
Miscellaneous gynecologic procedures 
Manipulation of lower spine 


Thrombophlebitis 

Diagnosis — vasospastic conditions 

Treatment — vasospastic conditions 

Sciatica 

Miscellaneous 

Low back, strain 


Table III 

LOW CAUDAL BLOCK 

Aitesthehc 


Therapetilxc 


No 

67 

38 

31 

12 

7 

6 


34 

29 

10 

21 

11 

10 


MID-CAUDAL BLOCK 


Hemioplasty inguinal, ventral, and femoral 217 

Operations on the pelvic organs transperitoneally 114 

Cesarean section’*' 62 

Phlebectoray and ligation of varicose veins 52 

Open reduction, fractures of the lower extremity 47 

Appendicectomy 26 

Arthrotomy of the knee joint 20 

Open operation of the hip joint (in aged) 14 

Amputation (major bones of lower extremity) 12 

Skin grafting, plastic operations, below umbilicus . 12 

Miscellaneous procedures 8 

Suprapubic cystotomy 8 


HIGH CAUDAL BLOCK 

Ventral hemioplasty (upper abdomen) 

Miscellaneous operations involving upper abdomen 


Cholecjstectomy 5 

Rib resection 1 

Skin graft to upper scapular region 1 

Total 903 


We have administered, or closely supervised, the administration of con- 
tinuous caudal analgesia to 903 patients undergoing various surgical opera- 
tions The type and number of procedures are listed in Table III 

We conclude that continuous caudal analgesia is a useful addition to the 

*Some of these cases will be reported separately by Dr C B Lull 

Failures were as follows Low caudal block, 3 or I per cent, mid-caudal block, 25 or 4 per cent, high ciiida! 
block 2 or 6 per cent 
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armamentarium of the surgeon and anesthetist, because it has the desirable 
features of regional and local anesthesia plus controllable duiation and level 
of effect 
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Search for relief or pain has been the diiving motive which has brought 
patients to doctors fiom time immemoiial It uas not until means weie de- 
veloped whereby patients might be leheved Iiom pain dm mg surgical pio- 
cedures that the real refinements of suigeiy began Inhalation anesthetics 
were among the first to prove a gieat boon to patients and surgeons alike 
Paradoxically, however, they had then haimful efiEects duimg opeiation 
and postopei atively because of the great stiess upon the caidioiespiratoiy 
system 

Undoubtedly, many deaths have been diiectly due to inhalation anesthetics, 
most of them attributed to other causes, chiefly the disease and opeiation 
Local Anesthesia Valuable as the inhalation anesthetics have been, 
there has been a constant study by anesthetists to find other means of 
relief from pain without the cardiorespiratoiy stiess caused by these agents 
The discovery of cocaine and its use was a big improvement in anesthesia 
Noyes, of New York, was prompt to use it m 1884 Howevei, cocaine had 
Its dangers and limitations These have been succeeded by the cocaine sub- 
stitutes, some of which are more dangerous than cocaine 

Local and regional anesthesia undoubtedly aie the safest anesthetics foi 
use 111 surgery However, there aie ceitain patients vho are not psycho- 
logically suited for any local anesthetic and ceitain long opeiations do not 
lend themselves readily to regional and local anesthesia 

Spinal Anesthesia Corning, of New York, using what he termed 
as “Procedure in Therapy Which Possesses the Merit of Novelty,” attempted 
to produce spinal anesthesia In an aiticle published in Octobei, 1885, 
entitled “Spinal Anesthesia m Local Medication of the Cord” he said 
As the intioduction of a hypodeimic needle beneath the membrane of 
the medulla spinalis is not piacticable nithout the lemoval of the arches 

* Published with pet mission of the Surgeon General of the U S Public Health 
SerA ice 
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of the vertebrae (on account of the dangers of wounding the cord), I 
decided to inject the anesthetic between the spinous processes of the lower 
dorsal vertebrae I was bent upon abolishing reflex action and annulling 
sensory conduction in the cord ” Anesthesia of the legs and genitalia resulted, 
and a sound was passed painlessly through the urethra Because cocaine 
m doses greater than one-half gram was too dangerous in general use, 
the method was not generally adopted and fifteen years were to pass before 
the surgical possibilities of spinal anesthesia were demonstrated clinically 
by Bier, of Kiel, in 1898 Quincke, m 1891, had demonstrated the utility 
of the lumbar puncture and showed that the introduction of the needle into 
the dura was feasible So Bier, after experimenting upon animals and his 
own spinal canal, and his associate, Hildebiand, injected themselves with 
solutions of cocaine in 1898 The method was used so unwisely that Bier, 
in 1904, was called upon to sound a warning about its too extensive use He 
realized some of the deleterious effects of cocaine and decided to wait for 
the discovery of some less toxic drug In 1903, Fournier brought out 
stovaine, which became generally used throughout England and France 
In 1904, Einhorn, m Germany, discovered procaine (novocain) In America, 
Adams discovered butyn, and Loevenhart and Schmitz brought forward 
isocaine As the resultant development of these safer drugs, the use of 
spinal anesthesia has become general and widespread Where it has 
been carefully used, the morbidity and mortality rate is below other types 
of anesthesia 

We believe it is responsible for lowering the mortality rate after prolonged 
operations such as those of resections of carcinomatous growths from the 
intestinal tract We have used it with striking success for patients suffering 
with diseases requiring long operations at this hospital One cannot but 
be impresed by the postoperative condition and course m poor-risk patients 
by the smooth recovery and convalescence which would not be looked for 
m ordinary circumstances following inhalation anesthesia This is especially 
true in the use of continuous caudal and continuous spinal anesthetics which 
permits the use of a minimal amount of drug and, m the case of spinal 
anesthesia, partial withdrawal at the conclusion of the operation 

*As time goes on, undoubtedly newer drugs and newer methods will 
continue to be introduced for the relief of pain for medical conditions and 
surgical procedures We believe that the present use of spinal and caudal 
anesthesia is a big advance over former years 

For two decades spinal anesthesia has been one of the most satisfactory 
methods of rendering insensibility to pain in the surgical services of the 
United States Public Health Service Marine Hospitals Since Pitkin’s 
monumental work of repopulanzmg this method of anesthesia, with increased 
facility of administration and a wider margin of safety for the patient, spinal 
anesthesia has made its own place of popularity among both the surgeons and 
patients Within the last five years spinal anesthesia has become the method 
of choice m 30 per cent of our operative cases Since January i. 1938, we 
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have performed 5,150 spinal anesthesias in the United States Marine 
Hospital at Stapleton, Staten Island, New York 

It IS oui pill pose in this paper to present oiir successful use of spinal 
anesthesia incidence of the complications, the indications and contra-iiidica- 
tions of its use, the technic emploj^ed, the addition of present-day improve- 
ments and modifications in methods of administration, and a discussion of 
the types of drugs used for this procedure 

We wish to present a modification of the apparatus for continuous spinal 
anesthesia designed by one of the authors 

The types of patients that we have m the Mai me Hospital are entirely 
ditfeient in many respects from those seen in the average civilian hospital 
The great majority of them aie robust males with ivell developed muscular 
frames, m the age-scale between 18 and 45 years These patients, for the 
most part, live an active seafaring life with the Merchant Marine and 
Coast Guaid 

We have found that spinal anesthesia, 111 a comparative study of 10,000 
surgical operations done in oui hospital, equals the safety of general anesthesia 

The likelihood of opeiating room deaths is no greater with spinal 
than with general anesthesia With proper technic the likelihood of serious 
nerve and meningeal damage is infinitesimal Most abdominal operations 
aie greatly facilitated by this method For certain ones it is almost impossible 
to operate wnthout it 

In many operations extensive trauma under general anesthesia is inevitable 
In such instances the risk of spinal, if any exists, is more than offset by the 
decreased risk resulting from the lessened visceral trauma made possible b}'' 
the more complete relaxation 

We hai’^e found that the incidence of success with spinal anesthesia 
vanes with the experience and skill of the anesthetist and the close coopera- 
tion of the surgeon m the choice of the anesthetic agent For the purpose 
of analysis, w^e have divided our 5 150 spinal anesthetics into the following 
gi oups 

1 Spinal anesthesia for orthopedic operations upon the lowei extiemities 

2 Spinal anesthesia for hernioplasty 

3 Spinal anesthesia for lectal and low’-er uiologic operations 

4 Spinal anesthesia foi intraperitoneal low^er abdominal operations 

5 Spinal anesthesia for upper abdominal operations 

Table I presents the five-year summary of these cases in regard to types 
of operations performed topographic zones of the operative fields, and the 
degree of success attained with each of the indicated agents The term 
intentionally combined” indicates those operations in wduch the spinal 
anesthesia w^as satisfactory, but wdiich ivere supplemented bj^ other general 
anesthetics, usually pentothal sodium, as a means of providing factors of 
safety, comfoit, or of systemic therapy indicated by the condition and reaction 
of the patient The term “necessarily combined” indicates a total or partial 
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Table I 

rivn-\nAR summari of SISO cases in which a spinal anesthetic was administered 







Lower 


Inten- 

Neces- 



Urologic 

Hernio- 

Lower 

Upper 

Extremi- 

Success 

tionally 

sarily 

No of 


Rectal 

plasty 

Abdomen 

Abdomen 

ties 

ful 

Com- 

Com- 

Cases 

1938 







bined 

bined 


Spinocaine 

300 

237 

35 

6 

2 

582 

2 

3 

585 

Pontocaine 

12 

100 

60 

10 

3 

187 

2 

3 

100 

Metycame 

7 

10 

10 



27 



27 

Nupercaine 

9 

9 

20 

10 

2 

50 



SO 

1939 










Spinocaine 

283 

174 

38 

5 


SOS 

5 

3 

508 

Pontocaine 

10 

120 

65 

8 

3 

208 

2 

3 

211 

Metycame 

2 

1 

1 



4 



4 

Nupercaine 

9 

7 

11 

10 

2 

40 

11 

2 

42 

1940 










Spinocaine 

304 

7 

13 

2 

3 

329 


3 

332 

Pontocaine 

IS 

227 

no 

10 

16 

379 

1 

4 

383 

Metycame 

6 

88 

16 

8 

4 

123 

1 

S 

128 

Nupercaine 

4 

5 

17 

9 


27 

2 

3 

30 

1941 










Spinocaine 

420 

4 

1 



425 



425 

Pontocaine 

7 

174 

100 

32 

4 

327 

10 

13 

430 

Metycame 


2 

1 

2 


5 



5 

Nupercaine 


8 

5 

15 


30 

2 

3 

33 

1942 










Spinocaine 

461 





461 



461 

Pontocaine 

S 

185 

140 

40 

10 

421 

21 

3 

424 

Metycame 


2 

2 

1 

1 

6 



6 

Nupercaine 


1 


1 


1 


1 

2 

Totals (first half 1943) 300 

500 

100 

SO 

8 

934 

12 

24 

958 

Totals 

2155 

1860 

746 

220 

58 

5077 

71 

73 

5150 


failure of the spinal anesthetic agent to give lelief of pain and adequate 
1 elaxation 

The agents used in this study weie 

1 Spinocaine, piepaied by the method of Pitkin as a hypobanc solution 
T-\\o hundred milligiains of piocaine hydrochloiide was used as a maximum 
dose in this piepaiation One bundled fifty milhgiams was the dosage for 
abdominal opeiations in the aveiage case Seventy-two to loo mg were 
used foi the aveiage dosage m uiologic and lectal opeiations 

2 Pontocaine hydiochloiide, piepared by Winthrop as an isobaiic solu- 
tion, was used as a i per cent solution m a 2 cc ampoule containing 20 mg 

3 Metycame hydrochloride, piepaied by Lilly as an isobanc solution, 
was used as a i pei cent solution in 2 cc ampoules containing 200 mg 

4 ISTtipercaine hydrochloride, piepaied by Ciba as an hypobanc solution, 
was used in a i to 1500 dilution in a 20 cc ampoule 

Table II piesents our estimation of the compaiative action of these dif- 
ferent piepaiations 

It can readily be seen that spinocaine and metycame are shorter acting 
than aie pontocaine and nupercaine but at the same time they have a 
lelatnely lower toxicity 
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Since most of the suigical opeiations such as bilateral hernioplasty, gastric 
lesections, nephropexy, and colon surgery require an anesthesia that will 
last between one and two hours, and occasionally longer, we have found 
that pontocaine has been the most satisfactory single-dose spinal anesthesia 
For the aveiage size male patient, uhich comprised by fai the gi eater niimbei 
of cases m oui senes, we used a dose of 17 mg diluted with spinal fluid 
up to 3 to 334 cc injected between the first and second lumbal spines at 
the rate of 34 cc per second without baibotage 

For opeiations lasting longer than two houis we selected a i to 1500 
dilution of nupeicaine according to the Jones technic, i <? , 15 cc injected 
over a five-mmute pei lod into the individual five feet six inches tall, with the 
addition of i cc foi each inch m height above five feet six inches The 
maximum dose was 20 cc of this dilution 

Table II 

ESTIMATION OF COMPARATIVE ACTION OF VARIOUS SPINAL ANESTHETICS 

Relatn e 

Time of Duration of Tovicity Relative 


Name of Drug 

Anesthetic 

Efficiency 

Onset of 
Anesthesia 

Single Dosage (Basis Procaine 
of Anesthetic Unit is One) 

Potency of 
Unit Action 

Spinocame (containing pro- 
caine as active principle) 

90 to 100% 

3 to 10 mins 

30 to 80 mins 

1 

1 

Metycaine 

90 to 100% 

3 to 10 mins 

40 to 90 mins 

1 25 

1 25 

Pontocaine 

85 to 95% 

6 to 15 mins 

60 to 150 mins 

8 

10 

Nupercame 

80 to 90% 

IS to 30 mins 

90 to 200 mins 

20 

IS 


Since 1942, ve have almost leplaced the use of nupercame by substituting 
the safei and more easily conti oiled method of continuous spinal anesthesia, 
as devised by Lemmon Our modification of Lemmon’s technic has been 
that we have used metycaine m prefei ence to pi ocame W e have also modified 
the Lemmon apparatus as illustiated in Figure i Oui apparatus contains 

1 A 20 cc Luer-Lok syiinge 

2 A cut-ofif valve 

3 Three feet of 2 mm white rubbei garter tubing 

4 A special hubless spinal needle of malleable stainless steel 

5 A special spinal anesthesia intioducer 

6 A No 22-gage, two and one-half-mch fascia needle 

7 A No 24-gage, three-quartei-mch hypodermic needle 

This spinal stainless steel needle'*' (4) is the same that we have devised 
for continuous caudal analgesia Instead of a heaw metallic hub it has a 
reinforced three-quarter-mch steel collar One-sixteenth of an inch from 
the soldei lemforcement vith the shaft of the collar is a special safety bead 
to prevent breakage The needle is No 19-gage, has a short bevel, vith an 
extra outlet apeituie near its point The needle is so annealed that the 
proximal inch is of stiff steel, the middle one and one-half inch a malleable 
stainless steel, and the distal one-half inch is also of stiff 01 iigid steel 

*This needle is manufactured bj’’ the Becton, Dickinson and Co, of Ruther- 
ford, N J 
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The advantages of this needle obviously are 

1 It IS smaller, causing less trauma in introducing it into the sub- 
aiachnoid space 

2 The relatively heavy hub necessitating a still heavier Luer-Lok con- 
nector IS replaced by a light collar over which is easily and securely slipped 
the garter tubing 

3 The safety bead neai the collar is to prevent breakage of the needle 

4 Stiff or rigid proximal and distal portions of the needle maintain 
optimum position of the entire shaft relative to the skin, interspmous ligament 
and dura mater 

5 A malleable center shaft allows mobility of the patient m transposing 
himself from the lateral or sitting posture to the dorsal recumbent one 

We have found that this needle maintains its position during the operation 
more easily than the t3^pe usually recommended 

Our technic of introducing the needle is the same as that recommended 
by Lemmon 

We place 600 mg of 20 per cent metycaine, or 3 cc from the No 313 
ampoule, in the 20 cc syringe After a free flow of spinal fluid has been 
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obtained, the special gartei tubing is slipped with the collar ovei the needle 
shaft and spinal fluid aspirated gentl}^ into the syringe to the 12 cc mark 
This makes a dilution of 5 per cent metycame which should be thoroughly 
mixed by agitating the syiinge Each cubic centimeter then contains 50 mg 
of metycame The 2 cc of spinal fluid between the needle and syringe 
is then reinjected and an initial dose of usually 100 mg , or 2 cc of metycame, 
IS injected into the patient, with gentle barbotage 

The state of spinal anesthesia is maintained by serial injection of the 
diug as the patient requires it The average abdominal operation usually 
takes 50 mg every 40 to 60 minutes Contrary to the usual belief that all 
of the spinal anesthetic is neurogenicall}’^ fixed in 20 minutes, ve have been 


In 


Fig 2 — Improved caudal and continuous spinal needle (B D) described in te\t 

able to withdraw fiom 7 to 20 pei cent of the total anesthetic injected over the 
entile opeiation m 10 cc of spinal fluid after the surgery has been completed 
Table III piesents data obtained from chemical assay of the metycame 
withdrawn m a 1 epresentative series of cases selected from a study of 50 
spinal fluids 

Most of the patients fiom whom the unused 01 unneeded metycame vas 
vithdiawn fiom the subaiachnoid space piomptly legamed motoi activity 
111 the lower extremities m 5 to 20 minutes afterwards There were no 
postopei ative headaches or complications in the above senes 

COMPLICATIONS IN THE TOTAL SERIES OF 5,150 CASES 
I SPINAL DEATHS 

Theie weie two spinal deaths m this series One occurred in an elderly 
male, age 72, who was given 16 mg of procaine for an amputation of 
a gangrenous leg He died within three minutes after he was turned on his 
back without responding to resuscitation measures of vasopressor substances 
and oxygen inhalation with the gas machine 

The second of these deaths occurred m a robust coast guardsman, age 32 
who had been given 130 mg of metycame between the second and third 
lumbar spines for an hernioplasty He suddenly developed a respirator}' 
paralysis, piogressive anoxemia and a caidiac failure beginning 12 minutes 
after the injection of the single-dose spinal anesthetic Intratracheal intuba- 
tion was quickly performed and artificial respiration by gas machine vith 
loo per cent oxygen was given foi ii minutes Coramine and intra\enous 
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Table III 


DATA OBTAINED FROM CHEMICAL ASSAI OF MET\ CAINE WITHDRAWN POSTOPER VTIVELY 


(Gamma 02-methyl pipendmo -propyl benzoate hydrochloride Lilly) 
Samples from U S Marine Hospital New York 


Name 

Sample 

No 

Date 

Other 

Markings 

Metycame 

Found 

(Gm m Sample) 

Pigut Anthony 

1 


114977 

0 

4153 

Pigut Anthonj 

2 


114977 

0 

0196 

Rubes Anthony 

1 

5-3-43 

114615 

0 

192 

Rubes, Anthony 

2 

S-3-43 

114615 

0 

0136 

Daly Jos 

1 

4-14-43 

112987 

0 

0785 

Daly Jos 

2 

4-14-43 

112987 

0 

0124 

Winslow Wm 

1 

4-28-43 

114293 

0 

280 

Rodriquez Ramon 

1 

3-24-43 

111034 

0 

071 

Rodriquez Ramon 

2 

3-24-43 

111034 

0 

0154 

Olson Peter 

1 

4-28-43 

114390 

0 

396 

Olson Peter 

2 

4-28-43 

114390 

0 

0226 

Pontza V 

1 

3-22 

112970 

0 

0259 

Pontza V 

2 

3-22 

112970 

0 

065 

Fries Jr 

1 

3-29 

112454 

0 

291 

Fries Jr 

2 

3-29 

112454 

0 

024 

Burton Sally 

1 

3-5 

109371 

0 

143 

Burton, Sally 

2 

3-5 

109371 

0 

006 

Hyer Henry 

1 

4-7-43 

113381 

0 

574 

Hyer Henry 

2 

4-7-43 

113381 

0 

096 

Hoffman Carl 

1 

3-15-43 

112675 

0 

353 

Hoffman Carl 

2 

3-15-43 

112675 

0 

062 

Ovis B 

1 

3-18-43 

111686 

0 

107 

Kimble James 

1 

2-25-43 

110993 

0 

164 

Jaches Jack 


7-29 

118308 

0 

007* 

Murphy, Peter 


7-29 

118304 

0 

00* 


*Spmal fluid for control 


The patients m the above series are representative ones taken from a study of 50 spinal fluids Si\ hundred 
milligrams of 5% metycame was used in each syringe for all of these cases 

Sample No 1 contained the unused metycame in the syringe and rubber tubing after the operation Sample 
No 2 contained the metycame withdrawn in 10 cc of spinal fluid after the operation — indicating that a con- 
siderable quantity of metycame remains in the spinal fluid for at least one hour after the initial injection 


ephednne pioduced no response As a last resort, one-half cubic centimetei 
of I to 1,000 adrenalin was injected into the heart 

After ten minutes with no cardiac function, as detei mined by clinical 
means, the patient suddenly developed a return to normal cardiac function, 
with a blood pressure return to pi eanesthetic 120/80 mm of mercury The 
operation was not performed and the patient was returned to his bed 
Cardiac and respiiatory function appeared normal but the patient never 
legained consciousness nor the use of any muscles innervated by the spinal 
nerves The patient died on the fourth postanesthetic day, with a temperature 
of 41° C Autopsy revealed anoxemia, and degeneration of both coitical 
and spinal cord nerve tissues There was present around the origin of the 
spinal nerves 17 cartilaginous tumors attached to the spinal cord The 
pathologic nature of these tumors could not be determined m several 
laboratories 


n HIGH SPINAL ANESTHESIA 


High spinal anesthesia and total spinal anesthesia occurred m 42 cases 
of the 5,150 injected Twenty-five of these were successfully managed 
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with artificial lespiiation thiough the positive pressure gas machine and 
injection of a vasopiessor intioduced inti avenously in those instances in 
which theie was some collapse of the vasomotor system 

The drug used for most cases was 25 mg of ephedrme sulphate In a 
few of them intravenous glucose and saline, plasma, or whole blood was 
used to reestablish the vascular pressure 

In the lemaining 27 cases there vas ascending intercostal and finally 
diaphragmatic paralysis In these cases a Magill intrati acheal tube was 
promptly nisei ted vith great facilit}'- because of the relaxation of the 
patient’s lowei jaw, larynx and vocal coids One bundled pei cent oxygen 
lesuscitation was used until patient regained respiratory motoi control 

The Trendelenburg position of about five degiees was used in the cases 
which appealed to have an ischemia of the respnatory center 

The onset of this complication is one that should lie watched with constant 
diligence by the anesthetist It should be piomptly tieated in the following 
01 del of precedence to the physiologic lequiiements of the patient 

1 Maintain oxygenation of the blood through prompt intubation or 
100 pel cent oxygen admimsteied by artificial lespiration with the gas machine 

2 Maintain blood pressure with vasopressor substances, such as 25 mg 
ephedrme or one-half cubic centimeter doses of i to 1,000 epinephrine injected 
mtravenousl)'- 

3 Place patient in a five-degiee Tiendelenburg position foi ischemia of 
the lespiratory center in indicated cases 

4 Supplement cii dilating blood with intravenous administration of plasma, 
whole blood, and glucose and saline as indicated 

We have noticed in some of these high spinal anesthesias a sudden rise in 
systolic blood pressure to between 165 to 250 mm of mercury If unde- 
tected, this tempoiaiy hypei tension \m11 suddenly and dramatically be replaced 
by total vasculai failuie 


m NEUROLOGIC SEQUELAE 

A Cranial Nerve Palsy — Cranial nerve palsies have been repotted 
in the liteiatnre as a relatively fiequent complication of spinal anesthesia 
In our senes only one such instance occuiied The patient developed a 
complete paralysis of the right sixth cianial nerve 18 hours after a spinal 
anesthetic of 130 mg of metycaine The paralysis has now persisted for a 
period of two yeais, with veiy little impiovement Fiom the clinical signs, 
thei e must have been some degeneration of the abducens nucleus 

B Peripheral Nerve Palsy — Three of the patients have developed a 
foot-diop, with some motor weakness 111 both lover extremities following spinal 
anesthesia Tvo of these patients recovered completely in tvo veeks, but one 
of them, after two yeai s still has a motoi weakness of the perineal muscles 
of the light leg This patient vas injected by an intern vho produced con- 
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siderable trauma, with a bloody spinal fluid tap, in an attempt to insert the 
spinal needle 

C Hyerthesia and Hyperalgesia — In our series of 5,150 cases there 
have been 14 such cases, with diminished or painfully increased sensation of 
one or more nerve trunks Most of these cases cleared spontaneously, but 
some of them required therapeutic regional nerve blocks with repeated 
novocain injections 


IV hemorrhagic meningitis 

This complication occuried in onl> one case, which required four attempts 
at lumbar puncture in order to produce a satisfactory anesthesia For two 
weeks the patient had signs of clinical meningeal irritation with a leukocytosis 
of 14,000, and a high temperature A therapeutic lumbar puncture was made 
and 15 cc of bloody spinal fluid was removed The patient greatly improved 
after the withdrawal of the bacteriological ly negative spinal fluid There can 
be no question but that the trauma caused by the multiple punctures caused the 
hemorrhagic meningitis 


V HEADACHE 

This complaint was mentioned to us by only one per cent of our patients 
A few of them were completely relieved of the pain with ten grains of aspirin 
However, six of our patients had persistent headache lasting two weeks, 
necessitating codeine and even morphine for relief 

VI MARKED FALL IN BLOOD PRESSURE 

These falls in blood pressure occuried in individuals m whom the level of 
anesthetic was permitted to go higher than the eighth thoracic segment 
Apparently the blood pressure fall had a direct relationship to the number 
of white rami communicantes that were blocked and the anesthetic efficiency 
of the drug 

Falls in blood pressure were successfully treated b)"^ one of the vaso- 
pressor substances, such as ephedrine, epinephrine or neosynephrin injected 
intramuscularly or intravenously, depending upon the needs of the patient 
The Trendelenburg position of about five degrees was also useful in raising 
the pressure and delivering an adequate circulating volume to the bpain and 
respiratory center It is our plan to give a prophylactic injection of 25 mg 
of ephedrine sulphate into the muscle at the time of anesthesia to the debili- 
tated patient For the patient undergoing a major operation we gave a 
simultaneous prophylactic intravenous injection of five per cent glucose 
and saline, plasma, or whole blood during the course of the operation 

VII NAUSEA 

Nausea on the operating table is generally caused by 

( I ) Sympathetic pain from manipulation or pulling of the visceral organs 
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(2) A rapidly falling blood pressure 

(3) An increased peristalsis or some reverse action upon release of the 
parasympathetic vagal impulses with sympathetic block 

Nausea may be combatted with blood pressure restorative measures when 
indicated, loo per cent oxygen inhalations, and in severe cases (with adequate 
blood pressure) we used the administration of small quantities of intravenous 
sodium pentothal 

VIII POSTOPERATIVE DISTENTION AND ATELECTASIS 

This complication was seen as often, but in no greater incidence, than 
those cases associated with general inhalation anesthesia in oiii clinics 

SUMMARY 

The recent advances m spinal anesthesia, namely, (i) the principle of 
continuous spinal anesthesia, with an improved method of administration, 

(2) the addition of a more compatible supplement such as sodium pentothal, 

(3) more careful selection of cases for the procedure have greatly increased 
the benefits of this method for both the patient and the surgeon , (4) uniform 
results obtained with both long and short acting anesthetic agents m properly 
selected cases, and (5) partial withdrawal of unused and unfixed spinal 
anesthetics after operation permits more rapid return of physiologic nerve 
function 

The incidence of success for this method varies directly with the skill 
and experience of the anesthetist There must be recognized that a permanent 
hazard exists in the administration of this type of anesthesia For our type 
of service, the advantages far outweigh the disadvantages, with the result 
that spinal anesthesia has become our most reliable method of surgical 
pain relief 
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FURTHER EXPERIENCES WITH ADRENAL CORTICAL 
EXTRACT IN THE TREATMENT OF BURN SHOCK 

Johnathan E Rhoads, M D , Willia^m A Wolff, M D , 

Henry Saltonstall, M D , and W^alter Estell Lee, M D 

Philadelphia, Pa 

FROM THE SURGICAL SERVICE PENNS! LVAMA HOSPITAI PHILADELPHIA, PA 

In 1941 Rhoads, Wolff, and Lee reported favoiably on the use of adrenal 
cortical extract in conjunction with plasma m a gioup of seven burned 
patients As this series was too small for satisfactoiy evaluation of the 
extract the study was continued until 1943 The results in this larger 
senes have not fulfilled the piomise of the earhei cases They do not 
provide a satisfactory basis for the use of adrenal cortical extract in the 
loutine tieatment of shock following burns 

The patients for the study were selected from a group of fifty-three 
admitted to seven Philadelphia Hospitals between September, 1942, and 
January, 1943 (Table I) The ciiteria on which the selection was based are 
listed in Table II A numbei of vaiiations in the criteria vere tried without 
significantly altering the lesults 

The clinical management of the cases could not be completely standaidized 
but insofar as it was possible the time table in Table III was followed The 
local treatment outlined is not necessarily lecoinmended by the authors 
In fact, we now prefer open methods It was followed because it repre- 
sented a standard form of piactice vhen it was begun and because it vas 
desirable to avoid changes in local treatment during the course of the study 
in order to maintain it as a constant factor 

The plasma volume and total plasma pioteins were calculated from 
serial determinations of the hematociit and the plasma protein concentration 
as described m previous communications fiom the Pennsylvania Hospital ^ 
In order to compare the results obtained in patients with burns of different 
extent and to average the results obtained in babies and large adults without 
greater weight to the larger individuals than the smaller ones the following 
plan was followed 

At about the twelfth hour after the occurrence of the burn, the plasma 
deficit was calculated AppioximateH this amount of plasma vas then 
administered between the twelfth and thirtieth hour after the burn The 
plasma deficit at the thirty-sixth houi was then calculated and the net increment 
IP the circulating plasma between the twelfth and thirty-sixth hour w^as com- 
pared with the amount of plasma admmisteied Thus, if the net increment 
was 500 cc and 1000 cc had been transfused, 50% of the transfused 
plasma w'as considered to have been retained 

* The w’ork described in this paper w'as done under a contract recommended bj the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the Pennsjhania Hospital 

Submitted for publication November 2s, 1943 
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Table I 


Name 

Age 

Sex 

Referring Area of Burn 
Hospital (Per Cent) 

Local 

Treatment 

Adrenal 

Extract 

Hematocrit 

Rise 

MAR 

6 

F 

Germantown 

10 

Tannic acid 

Eschatm 

14 

FH 

40 

M 

Phila Gen 

40 

Tannic acid 

Eschatin 

29 

LM 

13 

M 

Germantown 

20 

Tanmc acid 

Upjohns 

20 

HM 

27 

M 

Umv of Pa 

16 

Tannic 8t gentian 


6 

LW 

22 

M 

Pennsylvania 

22 

Gentian 8^ silver 


16 

IMW 

1 

F 

Pennsylvania 

35 

Gentian 8^ silver 


20 

EF 

3 

■F 

Umv of Pa 

35 

Gentian 8.. silver 


20 

RL 

20 

F 

Pennsylvania 

10 

Gentian 8^ silver 


6 

RL 

5 

M 

Germantown 

10 

Triple dye 


9 

OB 

17 

M 

Umv of Pa 

40 

Tannic Sc gentian 


12 

RT 

22 

F 

Pennsylvania 

S 

Gentian Sr silver 


3 

RB 

42 

M 

Graduate 

20 

Open I^ 


20 

RJ 

18 

M 

Univ of Pa 

5 

Tanmc acid 


5 

JK 

1 

M 

Pennsylvania 

7 

Gentian & silver 


5 

P AF 

1 

F 

Childrens 

5 

Gentian 8c silver 


8 

RB 

6 

M 

Germantown 

15 

Triple dve 


22 

WG 

40 

M 

Pennsylvania 

10 

Open E 


10 

MM 

77 

F 

Pennsylvania 

80 

Gentian Si. silver 

Eschatin 

8 

EJ 

30 

F 

Pennsylvania 

7 

Open E 


10 

M A 

28 

F 

Umv of Pa 

80 

None 


35 

N B 

25 

M 

Umv of Pa 

8 

Pickerell sol 


5 

WF 

46 

M 

Pennsylvania 

4 

Soda bicarb 


5 

HG 

63 

M 

Pennsylvania 

15 

Open B 

Eschatin 

4 

R A 

64 

F 

Pennsylvania 

90 

Gentian Sc silver 

Kendall 

18 

TK 

39 

M 

Germantown 

90 

Triple dye 

Eschatm 

25 

JM 

60 

F 

Pennsylvania 

12 

Open B 

Eschatin 

10 

NC 

6 

F 

Childrens 

11 

Gentian &. silver 

Kendall 

10 

JM 

9 

M 

Graduate 

10 

Gentian &. silver 

Kendall 

4 

AVA 

46 

M 

Pennsylvania 

10 

Gentian 8^ silver 

Kendall 

2 

JD 

6 

M 

Umv of Pa 

10 

Tannic &. gentian 

Kendall 

9 

CS 

10 mos 

F 

Childrens 

8 

Gentian Sc silver 

Kendall 

7 

FR 

51 

M 

Pennsylvania 

12 

Gentian 8: silver 

Kendall 

9 

M K 

19 

F 

Germantown 

90 

Tannic acid 

Eschatm 

22 

JS 

45 

M 

Germantown 

12 

Gentian 8^ silver 


14 

C B 

2 

M 

Umv of Pa 

16 

Tannic acid 


11 

LH 

66 

F 

Graduate 

SO 

Gentian S. silv'er 

Eschatm 

17 

BA 

35 

M 

Graduate 

16 

Gentian 8c silver 

Kendall 

II 

AW 

38 

M 

Germantown 

30 

Triple dye 

Eschatin 

10 

FH 

35 

M 

Pennsylvania 

10 

Open B 

Eschatin 

S 

PG 

55 

M 

Germantown 

45 

Triple dye 


20 

WS 

38 

M 

Pennsylvania 

12 

Gentian &. silver 

Kendall 

10 

GM 

8 

F 

Graduate 

20 

Gentian Sc silver 

Kendall 

11 

MR 

6 

F 

Childrens 

12 

Gentian 8c silver 


9 

RG 

9 

M 

Childrens 

12 

Open B 


3 

J A 

60 

M 

Pennsylvania 

8 

Open B 


5 

GS 

16 

F 

Pennsylvania 

7 

Gentian 8c silver 


9 

JP 

4 

M 

Germantown 

12 

Pickerell sol 


11 

JB 

34 

M 

Germantown 

5 

Triple dye 


2 

DC 

5 

M 

Pennsylvania 

7 

Open &. press 


10 

WS 

18 mos M 

Pennsylvania 

10 ' 

Gentian Sc siK er 


8 

JG 

23 

M 

Mercy 

20 

Gentian Sc silv er 


14 

M R 

22 

F 

Pennsylvania 

8 

Gentian Sc silver 


11 

C A 

21 

M 

Pennsylvania 

5 

Gentian Sc silv er 


3 


Table II 

Patients were selected for the studj from Table I if thej fulfilled the following criteria 

1 At least 8% of body surface burned 

2 At least an eight-point rise m the hematocrit (In some instances the normal had to be estimated 
from the \ alue at w hich the hematocrit le\ elled off on the 3rd and 4th da> s ) 

3 Local treatment bj a tanning method except for hands and face and genitalia 

4 Plasma transfusion between the I2th and 30th hour after the burn amounting to at lca=t Iwo- 
thirds of the estimated plasma deficit 
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Table III 

DIRECTIONS USED TOR THE ROUTINE TREATMENT OE PATIENTS HOSPITALIZED EOR BURNS 
IMMEDIATE 

1 Draw 6 cc of blood m a heparin tube 

2 Give morphine sulfate gr (h) (this dose for adults only) 

3 If in shock start a 500 cc plasma infusion 


A S SOON 
1 
2 
3 


4 

5 

6 

7 

6th hour 
12th hour 


18th hour 
24th hour 
30th hour 
36th hour 
42nd hour 
48th hour 
3rd day 
4th day 


AS CONDITION PERMITS 

i 

Cut clothes away from burn 

Lift on to litter covered with sterile sheets and blankets 

Move to operating room or special room for burns and dSbride (superficially) on the litter 
Additional morphine gr 14. is often needed General anesthesia is to be avoided Wash the area 
gently with white soap and sterile water — loose skin being peeled away Then rinse with sterile 
saline solution 
Start tanning at once 

Transfer to a sterile bed covered with a canopy for regulation of the temperature Temperature 
should be adjusted to about 80° F 

If plasma has not already been started set up a continuous intravenous infusion of equal parts 
of plasma and 5% dextrose solution and allow it to run at the rate of 100 cc per hour for burns 
up to 15% of the body surface and 200 cc per hour for larger burns 
Continue tanning at hr intervals until the surfaces are dry 

Take another 6 cc sample for hematocrit and plasma protein — adjust infusion to keep hematocrit 
below 55 or within 10 points of the original hematocrit (whichever is lower) 

Obtain 3rd specimen 

Calculate the plasma deficit estimating the patient s yveight from the history and phy sical exami- 
nation and regulate the infusion so as to give approximately this amount between the 12th 
and 30th hour 
4th specimen 
5th specimen 
6th specimen 

7th specimen Stop infusion if hematocrit is beloyy 50 

8th specimen 

9th specimen 

10th specimen 

11th specimen 


All specimens are used for the determination of hematocrit and plasma protein concentration, and 
van den Bergh, N P N , serum COe and serum chloride are determined as indicated 

ADRENAL CORTEX ADMINISTRATION 

The treated cases were given eschatin m doses of lo cc intravenously every six hours or the 
“whole extract of the adrenal cortex” in doses of lo cc every two hours intray enously In a few 
instances it was necessary to give certain of the doses intramuscularly In the case of children the 
dosage was reduced but it was never reduced more than in proportion to the weight 


The mean per cent retention for the treated senes was 57% in terms 
of plasma volume as compared with 57% for the control series (Table IV) 
In terms of grams of circulating plasma protein the mean per cent retention 
for the treated series was 46% as compared with 57% for the control 
series (Table IV) 

The control series and treated senes are compared with respect to age 
and extent of burn (Table V) It w'as difficult to compare them with respect 
to the depth of the burns because of the uncertainties of estimating this factor 
How'ever, the incidence of scalds as opposed to flame burns was not very 
different m the tw^o groups (Two due to hot water m the treated 
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RHOADS, WOLFF, SALTONSTALL AND LEE 

group, and tliiee due to hot water and one to hot creosote in the 
control gioup) 

Discussion — ^The studies of Elkinton, Wolff and Lee- indicated that 
the tendency for infused plasma protein to disappeai from the circulation 
had largely abated after 40 houis The period fiom the twelfth to the 
thirty-sixth hour was selected as being the period when adrenal cortical 
extract would be most likely to exeit a demonstrable influence In the 
earlier paper the period from the eighteenth to the forty-second hour was 
used Recalculation of these data on the basis of the twelfth to thirty-sixth- 
hour interval showed that the seven treated patients 111 the earlier group 

Table V 

Control Received Adrenal Cortex 

Average age 18 yrs 29 yrs 

Average area of burn 21% 26 8% 

retained 69% by volume and 57% b}'' weight as compared with 57% by 
volume and 46% by weight for the present tieated series 

Two adrenal cortical extracts weie employed in the present study The 
results obtained with the extract used in the earlier series averaged 62% 
retention in cubic centimeters as compared with 46% letention for patients 
treated with an extract especially rich in those steroids wdiich are important 
in carbohydrate metabolism (furnished through the courtesy of Dr E C 
Kendall) Calculated m grams the retention was about the same for 
the two extracts 

It was suggested that adrenal cortical extracts might influence the 
early loss An attempt was made to start administration of the extract 
shortly after admission of the patient Table VI gives a compaiison of 
the per cent of total plasma lost (pei 1% body suiface burned) in the first 
12 hours for the various gioups It does not indicate any clear advantage 
in this respect for either of the extracts employed 

Table VI 

LOSS OF PLASMA IN PER CENT OF NORMAL DURING THE FIRST 12 HOURS DIVIDED BT THE AREA OF THE BURN 

IN PER CENT OF BODY SURFACE 

Control Eschatin ' Whole Extract 

% plasma vol per 1% area % plasma vol per 1% area % plasma vol per 1% area 

2 8 2 3 2 4 

There is some evidence that adrenal cortical extracts may affect capillary 
permeability under certain experimental conditions Vallee and Menkin ^ 
Heuer and Andrus’’ found that the combination of adienal cortical extract 
and plasma seemed more effective in combatting shock due to the intravenous 
injection of the contents of an obstructed intestinal loop than plasma alone 
Adrenal coitical extract ivas shown to decrease the loss of plasma volume 
that accompanies ether anesthesia by Ragan, and his associates ® 

Adrenal cortical extracts have been employed in the treatment of burns 
at vanous stages by Wilson, Rowle)^ and Gray,^ Scudder,^ Einhauser,^ 
Ivory,^® and EIkinton,“ with favorable clinical results Most of these authors 

986 



Volume US 
Number 0 


ADRENAL CORTEX IN BURN SHOCK 


used it after the peiiod when binn shock is most seveie The present study 
IS not concerned with its efifect on toxemia nor can it be concluded from the 
piesent data that theie may not be occasional cases in A\dnch it would be 
helpful in burn shock Hoivevei, the piesent cases do not indicate that it is of 
value for loutine use in the management of burn shock As better methods of 
followung plasma volume m patients become available it is hoped that further 
studies may be made Present conclusions apply only to the dosage level 
employed The doses used were comparable to doses recommended in the 
treatment of addisoman crisis 


CONCLUSIONS 

Twelve patients wath extensive superficial burns who received adienal 
cortical extract did not retain plasma given by transfusion any better than 
did 13 control patients wdio received no extract The local treatment con- 
sisted in tanning of all areas except hands and face and genitalia by one of the 
commonly used agents 
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USE OF ONE FLAP TO KESTORE EXTENSIVE LOSSES OF THE 
MIDDLE THIRD OF THE FACE=^ 

Major Arthur J Barsky, M C , U S A 

FINNE\ GENERAL HOSPITAL 

TuoMAsyiLLr, Gcorcia 

The purpose of this aiticle is to present a simplified method for restoia- 
tion of extensive losses of the middle thud of the face, those involving the 
nose, upper Iip and cheeks Although the use of a forehead flap is a standard 
proceduie for the repaii of small losses, the use of a single flap m exactly 
this manner for such extensive losses of the face has not hitheito been 
reported, so far as I have been able to asceitain 

The method here advocated is not only the simplest and easiest one but 
also the quickest and most expedient It would appeal that a low forehead 
necessitating extension of the flap up into the hairy area of the scalp, might 
be a contraindication to use of the method However, a variation of the 



Fig I Fig 2 Fig 3 

Fig I — Preo-perative photograph, right profile Fig 2 — ^Preopentive photograph, left profile 
Fig 3 — Preoperative photograph, front view 


proceduie will be desciibed so that pait of the hairy scalp can be utilized 
in the male 

The patient, age 43, had sustained a gunshot wound to his face some 
months prioi to his admission to the hospital There were by that time 
no open wounds anywhere Extensive loss of the middle third of the face 
vas involved (Figs i, 2 and 3) The entire nasal appendage had been 
destroyed, the uppei hp was gone the cheeks weie obliterated from the 
level of the occlusial plane of the teeth upw ai d to the malar bone The entire 
maxilla was absent except foi its most posteiior portion, together with a 
small remnant of the hard palate containing only the second and third molar 
teeth on the left side There vas a lemnant of the mucobuccal fold adjacent 
to these teeth on the left side On the opposite side of the palate (the right) 

* Submitted for publication with the permission of the Surgeon General of the 
U S Armv and the Medical Director of the U S Veterans Administration 
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the remnant of the cheek was adherent to the existing portion of the maxilla in 
the region of the maxillary condyle As can readily be observed from the photo- 
graph, the turbinates were exposed, markedl} engorged and reddened A frag- 
ment of the posterior portion of the nasal septum was present From the angle 
of the mouth backward on each side there was a remnant of mucous membrane 
which was everted and attached to the scaired skin of the face 

Fortunately, the orbital floor on either side had not been obliterated 
and there was, theiefoie, no disturbance of vision But othei functions fared 
less well The olfactoiy and gustatoiy senses appeared to be depressed 

Fig 4 Fig s 



Fig 4 — The studj model uith the restoration built up m plastocene 
Fig s — Plaster impression of the plastocene restoration 

The patient stated that food seemed tasteless and that he had difficulty 
in discriminating odors Prior to inseition of a denture, speech nas markedly 
affected, indeed, it ^^as scarcely intelligible There ^^as marked improvement 
in speech after the denture was inserted and a still further improvement 
'\hen the forehead flap was migrated into place 

The phenomenon of deglutition could be observed rather closely, and it 
u as highly interesting to watch the movements of the soft palate and pharyn- 
geal wall through the nasal chamber The sphincter-hke action of the 
velopharyngeal closuie could be followed closely The superior constrictor 
of the pharynx moved the posterior pharyngeal wall forn ard while the velum 
1 ose The actions appeared to be not quite simultaneous, the constrictor mo\ e- 
ment staiting ver}'^ slightly in advance of the movement of the lelum When 
the velum had come into contact with the posterior pharyngeal nail thus 
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effecting a closure, the sphinctei -like action continued foi a brief interval to 
make the closure even tighter Viewed from above, this tightening resembled 
a pout 

PLAN OP RESTORATION 

The first step in planning the restoration was to make a plaster cast 
of the face for stud}'’ Upon this study model, the proposed restoration was 
built up in modelling clay (P'lg 4) An impression was then taken of the 
proposed restoration to provide a negative (Fig 5) A thin coating of 
latex rubber was pouied into the negative mold and permitted to dry When 


Fig 6 — The latex pattern 


Fig 7 — The latex pattern, 
laid out on the flat 



Fig 

6 


Fig 

7 



Fig 8 — ^Alternative method 
of flattening the pattern which 
avoids a long, narrow flap m 
the columellar region and 
midportion of the lip 



it had dried completely, the latex was peeled from it In this way the 
actual contour of the final restoration was obtained through a latex rubber 
pattern which could be flattened out (Fig 6) 

An extra latex pattern heavier than the first, was fashioned and colored 
to match the patient’s skin This was worn by the patient as a mask, held 
in place by an elastic band placed around the head It provided a far more 
s.itisfactory and comfortable dressing for the patient than had the gauze 
previously i\orn, and attracted less attention The patient, who had showed 
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signs of depression over his anhappy condition, became more cheeifiil and 
comfortable when the latex pattern was piovided as a mask He then vent 
freely about the hospital and made no attempts to shun people 

The next step m planning was to take actual measurements of the 
fiist latex pattern, and this could be done onty be reducing the pattern itself 
from a three-dimensional to a flat two-dimensional suiface Accordingly, 
the pattern vas cut fiom the free margin of the hp to the flooi of the 
nostiil on either side of the philtium (Fig 7) (Figure 8 shows an alternate 
method of flattening the pattern) Precise measuiements of the flap weie 
then taken and the flap itself repioduced m an exact tinfoil duplicate 
which could be boiled and utilized at the opeiative field By placing the 
flattened pattern on the patient’s foiehead, it could instantly be determined 




Fig 9 — The broken lines indicate the mcisicn for the forehead flap Note the 
bridge of unincised skin m the glabelH region While not absolutelj essential, the 
bridge will prevent possible disaster through circulatory insufficiency 

whether 01 not the forehead was high enough to be utilized without en- 
croaching upon the hairline In this case the forehead \vas adequate 
The plan selected in this paiticulai case involved utilization of a double 
pedicle flap from the forehead, encompassing practically the entire fore- 
head between the level of the eyebiows and the hairline, with a pedicle on 
either side in the region of the temple This flap was to be lined with skin 
and later migrated, maintaining both pedicles and being svung downward to 
the proper level just as the visor of a medieval aimored helmet vould be 
brought down The nose could then be shaped-up by exactly reveising the 
procedure which had been used to flatten the latex pattern, in other words 
could be built up from twm to three dimensions and supported by a denture 
and nose piece 


EXECUTION OF RESTORATION 

All the operative procedures were earned out under local anesthesia, the 
anesthetic of choice being two per cent procaine with a few drops of i to 
I5O00 adrenalin chloride per ounce of procaine 
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At the filst operation, the foiehead flap was formed and lined Figures 
9 A and B show the outline of the incision The tinfoil pattern was placed 
upon the forehead in the proper position and the incisions made as shown in 
the sketch It will be noted that a budge of unincised skin was left in the 



Tig 10 —The forehead flap has been undermined throughout its 
extent and a free skin graft, taken frcm the abdomen, lines the flap, 
and covers the donor area 



1 IG II — ^Buccal inlaj to pro\ ide retention for the denture 

A The broken line indicates the incision in the region of the maxillary condyle on the right side 
The incision had to be earned up beyond the bulge 

B The free skin graft wrapped, raw surface outward, around the stent mold and inserted in the 
pocket to form a new gingiaobuccal gutter 

glabella region to transmit the angular arteries and veins in order to insure 
against circulatory failure This bridging may not be absolutely essential 
but it does afford security and certainty avoids possible disaster through 
insufficient circulation The entire area between the incisions w^as undermined 
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and the flap laised up The pedicles in the tempoial legion on each side 
were tubed 

The flap uas lined at this opeiation and the donor area skm-grafted at 
the same time Two intei mediate thickness skin grafts about the size of 
the pattern weie taken fiom the abdomen One skin giaft was placed over 
the donoi aiea, tiimmed to shape, and the edges of the graft sutured to 
the maigiiis of the donoi aica The othei skin giaft w^as inserted beneath 
the flap so that its cut suiface was in contact with the undei surface of the 
flap, thus pioiiding a lining The edges of this second giaft, after they 
were tiimmed, w^ere sutuied to the maigms of the flap 



r 


Tig 12 — Tlic denture in situ The forehead flap is ready to be 
migrated The lining of the flap and the cohering of the ferehead ha\e 
entireh hcnltd and the bridge of skin in the glabella region has been 
seacied 

Molded moistened steiile absorbent cotton covered wnth vaselined gauze 
fFig lo) was inserted between the lining of the flap and the free skin 
graft covering the donoi area The flap itself was carefully covered wuth 
a pressure dressing After ten days, the dressing was removed , the grafts 
both flap lining and donoi area covering — had taken m toto All the 
sutures w^ere removed and a pressure dressing reapplied 

Several w^eeks were permitted to elapse so that the flap might con- 
solidate firmly During this interval, the problem of the prosthesis was 
attacked and solved One peiplexing point in regard to the prosthesis was 
the matter of retention Complicated methods had to be rejected since it 
w'as felt that a prosthesis should be so simple m design that it could be 
inserted and removed for cleansing by the patient at wull Furthermore, it 
should be of such construction that it could be repaired by any competent 
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dentist Much thought and study weie given to these lequisites It was 
finally decided that some method of retention should be provided on the 
patient’s right side Retention on the left side could consist of simple dental 
clasps about the two remaining teeth on that side of the maxilla However, 
adherence between the remnant of the maxilla, its condyle, and the scarred 
remainder of the cheek, presented a stumbling block This obstacle was 
overcome by resoi ting to a buccal inla)'- m that region so that the basic denture 
might encompass the condyle of the maxilla foi retention on the right side 
Prior to the second operation itself, the basic denture was constructed of 
acrylic resin It consisted of a palatal portion with clasps on the left side 
for the two surviving molars and a small inn anteriorly to fit over the 



Fig 13 — The flap has been migrated and su 
tured to the upper margin of the defect 


free edge of the palate and extend very slightly on to the floor of the nose 
The right side of the denture was cut away and an addition to it was to 
be molded at the time of operation 

It was important to construct the denture and to fit it properly prior to 
migration of the flap not only because it would actually be difficult to take 
an impression and fit a denture once the flap was migrated, but also because 
It was desirable to have the dentine in place so that the flap might rest against 
it and to some extent be immobilized 

At the second operation, the buccal inlay was performed But first 
the bridge of skin in the glabella region was severed, the lining of the flap 
sutured to the covering, and the incision in the donor area closed An 
incision was then made between the cheek and the condyle of the maxilla, 
extending upward well beyond the bulge and also posterioily beyond the 
rounded eminence (Fig ii A) Stent i\as molded into this cavity and 
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an epideiiiiic skin giaft, taken fiom the thigh, was wiapped, law suiface 
out\iard, about the mold, A\hich Mas nisei ted into the cavity and sutured 
into place (Fig ii B) HoMCvei, befoie the skin graft was sutured into 
place, the dentine vas nisei ted and stent molded in the cavity and attached 
to the dentine Dentine and attached stent iveie removed in one piece 
This piovided a means of oDtanimg an extension of the denture into the 
newly cieated pocket (Stent and dentine weie lepioduced in one piece 
so as to be aiailable aftei skm giaft had taken) About five days after 
the nisei tion of the skin giaft, the mold w’as lemoved, the giaft found to 



Fic 14 — 'Ihc iiugrntcd flip, sutured alcngr its upper margin, 
IS supported bj the denture, wluUi prevents it from falling 
backward 


be Viable, and the dentine with its extension up into the newly created 
buccal fold w^as at once nisei ted 

This eaily use of the dentine pi evented coiiti action of the graft and 
maintained the new’’ sulcus The dentine lequiied minor adjustment from 
time to time Howevei, the patient peisisted in using it and, finally, an 
excellent sulcus w’as obtained wnth good letention for the basic denture 
(Fig 12) 

At the third opeiation, the pedicles on either side w^eie lengthened The 
upper border of the flap was fieshened, and the twm layers (lining and cover- 
ing) separated for a f ew^ millmietei s An incision w’as made beginning on one 
side 111 the malar legion and extending acioss the upper maigin of the defect 
to the malai legion of the opposite side This incision piovided twm edges, 
the outei of which was sutured to the skin covering of the flap, and the 
inner sutured to the lining of the pedicle (Figs 13 and 14) 
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The flap healed rapidly m its new position and, after an inten^al of 
about three weeks, one pedicle was severed and the flap sutured to the 
cheek in layers (fourth operation) Then, after a similar period, the pedicle 
on the opposite side was severed and treated in the same manner (fifth 
operation) In each instance the remnant of the pedicle which had been 
tubed was opened up and returned to the forehead 

At this stage the nose piece of the prosthesis was attached to the denture 
Various types ot joints and unions were considered, but here, again, com- 
plicated arrangements were discarded in favor of a simple direct fusion 



Fig is Fig i 6 

Fig is — Trimming the flap to form the nose This is similar to 1 igure 7 The central portion 
of the flap c and p ^\lll form the columella of the nose and the philtrum region of the upper lip 
respectivelj The portions of the flap o on each side mil be brought medians ard to meet p This step 
IS the direct reverse of flattening the pattern Reference to 1 igure 8 as an alternatne method is 
suggested, for this mil avoid the long, narrow flap cp 

Fig 16 — The nose has been formed, the lip flaps a have been united to the philtrum b to form 
the upper lip The vermilion border flap on each side indicated by the broken line contiguous to the 
angle of the mouth on each side, mil be raised up and migrated to the lower margin of the restored 
upper lip, which is freshened to receive the flaps 

of the nose piece with the denture itself The nose piece, like the denture, 
was constructed of acrylic resin 

At the sixth operation the flap w'ds trimmed to form the nose Reference 
to Figures 7 and 15 wull clarify this step Vertical incisions were made 
in each side about three-eighths of an inch from the midline of the flap 
beginning at the lower fiee margin These incisions extended vertically 
iipw-ard for a distance equal to the normal height of the hp Flere began 
elliptical incisions to form the alar rim, curving first inward and upw'ard, 
then outward and downward At a point wdiich w^ould be somewhat medial 
to the lateral limit of the alar attachment, the incision turned sharply and 
descended vertically to the free margin of the hp The portion of the lip 
thus excised approximated roughly in shape the head of a golf club and a 
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portion of Its thickened shatt The central part of the pedicle now coi- 
lesponded to the philtium and the point where the cuive began lepiesented 
the beginning of the columella The oval oi elliptical poition of the excision 
corresponded to the alar nm Along this site, the coveiing was sutured to 
the lining, thus forming the nose, and the continuity of the lip brought about 
as shown m Figuies 15 and 16 

About one month latei, the final operation was carried out At this 
stage the veimilion bolder was restoied to the 1 econstructed hp This 
border was taken, in the form of hinge flaps, fiom the mucous membrane 
which extended along the edge of the defect immediately contiguous 
to the angle of the mouth The pedicle of the flap remained at the angle 



Fig 17 — The niigiation of the vermihon border 
flaps completed and the oral fissure reduced to 
ncrnnl size 


of the mouth, while the incision extended latei ally from this point along 
the junction of the skin and mucous membiane backwaid foi a distance 
equivalent to half the width of the upper hp (Fig 16) The lower border 
of the reconstructed uppei lip was pared, the vermilion flaps migrated so 
that their distal extremities met m the midline, and the vermilion border 
flap sutured into place in the reconstructed lip (Fig 17) Figures 18, 19 
and 20 show the reconstruction — ^final stage Figures 21. 22 and 23 
show various views of the denture 

The method heie described can, with but little modification, be utilized 
either for more extensive losses — that is, those of gi eater height than the 
loss herein encountered — or else for those cases where the forehead itself 
i'^ exceedingly low In the latter case, the necessity for encroaching on the 
hair-beanng scalp is at once apparent If such a hair-beanng flap were 
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Fig 18 — The completed restoration, right profile 
F IG 19 — The completed restoration, left profile 

Fig 20 — The completed restoration, front -view This photograph uas taken sbortlj after oper 
ation In time the flap will drape itself about the supporting nose piece so that the nasofacial angle 
Mill become sharper The upper lip has a somewhat backward tilt This can be corrected b3 a retision 
or an Abbe type of operation 

Fig 21 Fig 22 Fig 23 



Fig 21 — The prosthesis, front view Tlie entire prosthesis is made of acrjlic resin m one piece, 
the nasal portion being perforated so that it is possible to breathe through the nose 

Fig 22 — The prosthesis, side \ie\i One great stumbling block in restorations of this tjpe is the 
fact that if the oral opening is made large enough to permit insertion and remoral cf the prosthesis 
at will, appearance is saerifieed, nhile if the opening is smaller, appearance is better but difficulty is 
encountered in inserting and remoiing the denture 

Fig 23 — Posterior view of the denture Note the rim nhich extends upward to- rest on the 
anterior margin of the palate defect 

migrated in the manner desciibed herewith, the haii-beaimg skin would 
be close to the lower eyelids and the root of the nose This may be 
a\oided by transposing the flap (Fig 24) The double pedicle flap is 
made and lined m the usual manner Ho-wever, instead of being migrated 
in visor-like fashion, one end of the pedicle can be severed and transposed 
so that it IS migrated to the cheek on the same side as that of the undisturbed 
pedicle When the migrated end has healed, the remaining forehead pedicle 
may then be severed and transposed to the opposite cheek In this ivay, 
the hair-beanng skin ivill be brought doivn toward the upper hp and cheeks, 
thus simulating the hair}^ area of the upper lip in the male subject In 
the female patient, epilation by irradiation or by needle is theoretically 
possible but is not recommended If it were absolutely necessary to extend 
the flap up into the hairline, the hair follicles could be destroj'^ed surgicall)^ 
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hy shaving them oR on the undei suiface of the skin at the time the flap 
was nnclei mined 



Fig 24 — A nietliod of mcrsing: ihc flip so tint, m the nnle subject, if una\oidable, the 
bain portion of the forebtad nn\ he utilized iiul will form the nuistacbe 
A The outlines of the flap evtcndinp into the bair> scalp 
B The left side of the flap miBrited to the right side of the defect 
C The migration completed The liairj portion cf the scalp has been brought down to the 
region of the upper lip where it will form" a mustache 

The alternatnc method of forming the nose, as shown in Figure 8, shotild be used to 
a\oid hair bearing skin in the columella 


SU-MMAHY AND CONCLUSIONS 

In general, one-case leports aie likely to be inconclusive in nature, but it 
IS quite evident that the method piesented heie is entirely workable While 
it is readily conceded that the result shown may leave much to be desned, 
it cannot be denied that the method offeis the simplest and easiest solution 
to the pioblem of lepamng an extensive and hideous type of disfigurement 
Since it is to be expected that similai wounds wtII be encountered m the 
future, the report is presented at this time in the hope that it will be useful 
and may serve as a basis for a moie or less standardized method of repair 
for this type of disfigurement Further experience wall no doubt lead to 
improvements both in technic and m result For instance, the flatness or 
backward tilt of the upper lip may be corrected by a transplantation from the 
lower lip (the Abbe opeiation) 
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PARTIAL FUNDUSECTOMY (PROXIMAL GASTRECTOMY)* 

REVIEAV OF ^4 CASES 

F Gregory Connell, M D 
Oshkosh, Wis 

This communication is primaiily a “follow-up” on the case of recurrent 
intractable duodenal ulcer tieated by paitial fundusectomy (proximal gab- 
trectomy) on December 14, 1931, and leported m Annals or Surgery, for 
August, 1932 ^ A synopsis of the above report follows 

Case Report— H P, married, male, millworker, age 24 Referred by Dr T D 
Smith, of Neenah 

Chef Complaint First seen in September, I93i, with typical symptoms of duodenil 
ulcer, increasing m severity, with recent vomiting, weight loss and night pain Onset 
about SIX months previously, following a iS-months symptom-free interval after a 
second stomach operation 

Picvwus Histoiy “Rheumatism ever since a baby” At about ten years of age, 
for one year was invalided because of “heait disease” When 19 years of age “acute 
iheumatic fever” followed by tonsillectomy Gastric si^mptoms developed suddenly at 
age 21 After about six- months of typical duodenal ulcer history acute perforation 
occuired on May 4, 1928 Celiotomy, with closure of acute perforation of duodenal 
ulcer and a gasti o-enterostomy (Dr C J C) was performed This was followed by 
a symptom-free period until return of gasti ic symptoms in June, 1929 Medical and 
dietary management was not successful and, in August, 1929, an acute massive heme- 
temesis occurred At this time “acute endocarditis” was diagnosed In Septembei, 
1929, roentgenologic examination revealed a deformed duodenal cap, with the stoma 
patent and functioning One month later a second, and m December, 1929, a third 
acute massive hemetemesis occurred 

In January, 1930, a second celiotomy was perfoimed in which a jejunal ulcer was 
excised and a gastro-enterostomy taken down (Dr C J C ) This operation 
was followed by a symptom-free interval to March, 1931 

Family Histoi y Father dead because of "stomach ulcer ” Mother living after 
operation for gallstones Brothers — four Two dead one due to “flu,” the other from 
“stomach ulcer ” Two living, one after gastro-enterostomy for “stomach ulcer ” One 
with “stomach ulcer” Sisters Two living after gastro-enterostomy for “stomach ulcer” 

Physical Examination Practically negative except for evident weight loss, tenderness 
in epigastrium and right hypochondnum and hypotension Laboratory findings Secondary 
anemia Test meal High acidity, with no retention Roentgenologic examination Duo- 
denal cap deformed, but no retention Diagnosis Recurrent duodenal ulcer 

In December, 1931, a third celiotomy, during which a partial gastric fundusectomy 
(Fig i) was performed (Dr F G C) 

The “follow-up” since the operation in 1931, and the report in 1932, may be 
summarized as follows 

The patient has met with many psychic and physical traumata, some of which have 
been at times suggested gs exciting factors in the development of peptic ulcer, such as 
loss of job, financial reverses, improper and inadequate food with “overwork and 
worry, various illnesses, accidental injury to hand, with infection, deformity and crippling 
loss of function, leading a year later to amputation of a finger, serious abdominal and 
cranial trauma with shock, and minor accidents and infections All without evidence lO 
date (after 12 years) of recurrence of peptic ulcer 


* Submitted for publication June i, 1943 
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Fig I— Resection of fundus of stomach in treatment of peptic ulcer 

In January, 1932, a nontoxic adenoma of the thyroid was discovered He pre^nted 
no gastric symptoms, and the first postoperative test meal showed free hydrochloric 

acid o, total acid 37, with no retention » u +1, 

In June, 1932, the patient expenenced a recurrence of his ‘endocarditis, u wi 

no gastro-intestinal complaint , 

In July, 1932, a barium meal revealed a deformed duodenum, with stomach returned 
to seemingly normal size and position Scar of fundusectomy is seen as a e ec 
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in the greater curvature The second postoperative test meal revealed free hydro- 
chloric acid o, total acid 40, with no retention 

In November, 1934, for about a week, he had an attack of “flu,” with “heart 

palpitation,” temperature and constipation A third postoperative test meal showed a 
normal curve for free hydrochloric acid 37, total acid 58, with no retention Barium 
meal Same as at previous examination 

In December, 1934, an accident to his hand resulted in a severely infected left 
index finger, with lymphangitis In November, 1935. this finger was amputated 
because of deformity and loss of function A fourth postoperative test meal showed 
free hydrochloric acid 19, total acid 365. with no retention 

On June 15, 1937, a bursting emery wheel caused severe injury to his abdomen, 
face and skull — shock, abdominal pain, tenderness, muscle spasm, rigidity, with lacera- 
tions, contusions and abrasions of abdomen, face and scalp Recovery was prompt, and 
he was discharged from the hospital on June 22, 1937, with no abdominal symptoms 
In September, 1940, report by Dr T D Smith “Working daily m foundry Gain 
in weight, no stomach symptoms ” 

In August, 1941, he had an attack of so-called “stomach flu,” followed b}" recoven' 
in a week Other members of the family complained of same symptoms 

In September, 1941, after vacation hunting fishing and over exertion, he experienced 
“distress” in epigastrium, not a pain, only “soreness,” with no digestive disturbance 
Relief followed a few days of rest and counter irritation A fifth postoperative test 
meal showed free hydrochloric acid 20, total acid 60, with no retention Roentgenology 
showed same as at previous examinations 

In November, 1942, Doctor Smith reports “Auto accident on hunting trip in 
north woods Complaint of abdominal pain of a few days duration ” In February, 
1943, “Hospitalization with infected hand, temperature, chill, cellulitis No abdominal 
or gastro-intestinal symptoms ” In July, 1943, “Continued absence of gastro-intestinal 
symptoms The patient is at work daily and considers himself well ” 

The postoperative elapse of time and unfavorable conditions and cn- 
cumstances since the operation in 1931, in this case, would serve as a leal 
test for the method of treatment But before any evaluation of results may 
be attempted, many more cases must, of course, be studied 

Since December, 1931, I have recoids of 24 cases in which partial fundu- 
sectomy (proximal gastrectomy) has been earned out In 1938 the results 
in 14 cases (the longest postoperative interval at that time was six years) 
were reported ^ 

In 1935 additional cases ivere included in a discussion^ of “The Problem 
of Intractable Peptic Ulcer ” 

In the 24 cases there were two deaths , one on the 14th postoperative dav 
due to uremia, the other, after return of symptoms and reoperation one 
year later, at which time additional fundus was removed Death followed 
on the 8th postoperative day, due to ileus under an adhesion at the site of a 
previous appendicectomy In two cases the remote result is unknown Of 
the remaining 20 cases, 19 have been symptom-free 

The unsatisfactory result (an intractable case with a history of three 
previous celiotomies) was operated upon September 24, 1938 ^ In this case 
the s}Tnptoms, returned in about six months, and an acute massive heme- 
temesis necessitated another operation November 20, 1939, at which time 
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an old duodenal ulcei (probably piesent at the time of the previous opera- 
tion foi jejunal nlcei) was lemoved and a pyloioplasty performed Conval- 
escence was uneventful and since then the patient has remained entirely 
sjmptoni-fiee and is at woik dall3^ 

Clinically satisfactory lesulls m 19 cases have occurred, despite return 
to nonnal hjdiochloiic acid secietion and 1 etui 11 to normal stomach size, 
tonicity and motility m li\ e cases that have been checked by test and barium 
meals Such letuni to noimal gastiic function w'as found to occui experi- 
mentally by the wiitei ‘ Watson,^ Seely and Zollinger, Fauley and Ivy,'^ 
and Zollingei ® The postopeiative interval w^as over ten years m tour 
cases, between ten and fi\e ycais m seven cases, four years m one case, three 
3 ears in two cases, two 3 ears in thiee cases, less than one 3'’ear in tw^o cases 

111 an attempt to eialuate these lesults, it is w^ell to remembei that each 
case was vei\ complicated, and de{initel3' intractable The appendix had been 
previoush removed in 18, gastio-entei ostomy had been performed in nine 
cases, cholec3^stostom3' m one, taking down of a gastro-enterostom3'^ m three 
cases, acute perforation had been closed once m eight cases, and twice in 
three cases , acute massive hemetemesis had occurred m three cases , combined 
jejunal and duodenal ulcers in one case, “kissing” duodenal ulcers in one 
case and gastrojejunocohe fistula m two cases 'Undei these unfavorable cir- 
cumstances the results ate definitel3' encouraging 

This senes of 24 cases is, of couise, too small and the postoperative elapse 
of time since Decembei, 1931, is too shoit (lecurrences after ten or more 
3'ears are not uncommon) to make the results of practicable statistical value 

This report is being made with the aim of encouraging others to give 
this method a trial in the management of suitable (i c , mti actable nonobstrue- 
tive) cases of duodenal ulcer 

If these results can be confiimed 133 others m laiger numbers, it w'ould 
seem to call foi favoiable consideiation, befoie performing the presenti}'’ 
accepted distal gastreclom)’-, wdnch is based upon the unproven Edkm’s theor3'-,^ 
and results m seiious inteifeience with normal gastro-intestmal function 
This moie foimidable piocedure may, if necessary, be cairied out at a later 
tune 

These cases w'ere insti iicted to continuously and permanent!}'’ avoid 
tobacco, alcohol and salt, and to take fiequent feedings m small amounts, 
of no special diet 

Such a regimen is advisable aftei any type of suigical treatment for 
duodenal ulcei, as the operation is but an incident, often a most important 
incident, betw'eeii pie- and postoperative management 

STOIMARY 

A review of the postopeiative history w a case of paitial fundusectomy 
(proximal gastrectoni}'’), opeiated upon in December, 1931, and reported in 
Annals of Surgery, of August, 1932, in which the 1 esult has been very satis- 
factory despite many imfavoiable postoperative circumstances and conditions 
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A review of 24 cases of intractable noiiobstrnctive duodenal ulcer in winch 
this type of operation has been earned out, two of which died and two were 
lost sight of 

The clinical results in 19 of the remaining 20 weie favorable, the othei 
has remained symptom-free for three and one-half )^eais after reoperation 
The postoperative period is over ten years m only four 
This report is made with the aim of encouraging others to give this 
method a clinical trial m suitable nonobstructed cases of intractable duo- 
denal ulcer 
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or PATHOLOGY, NEW ENGLAND DEACONESS HOSPITAL, BOSTON, MASS 

Ir HAS LONG BCCN riH T bv all who aie inteiested in the pathology of 
the stomach that tlie common lesions of peptic ulcer and carcinoma are 
associated with changes thioughout the gastiic mucosa The common term 
of chronic gastiitis has been applied by the clinician, the pathologist, the 
radiologist, and the gasti oscopist to a wide variety of findings, and each has 
de\ eloped a scheme of classification leflectmg the position from w^hich the 
evidence has been suueyed The elements of inflammation, wnth congestion, 
edema, and cellulai infiltiation have been seized upon by all as of primary 
importance and ha^e been woven into evei) definition and classification 
According to then vaiied interests ohserveis have attempted to establish 
chronic gastiitis as a diagnostic entit}'’ which ma}" be piesent independent 
of othei pathology Some have theoiized, oi attempted to establish a 
lelationship, between such an entity and the peptic ulcei oi gastric carcinoma 
That their efforts ha\e fallen somewhat shoit of this goal is showm by the 
lack of correlation of findings and the lack of any clear-cut definition of 
chronic gastritis This teim is loo well established in oui vocabulary to be 
discarded, so it must be used, but an attempt is made to define its mean- 
ing cleaily 

This communication is a pieliminaiy piesentation of a pioject under- 
taken under Dr Shields Wairen, at the New England Deaconess Hospital, 
Boston, Mass, and continued undei Dr Aithur P Stout, m the Department 
of Surgical Pathology at the Piesbyterian Hospital, New Yoik Over 
a tw'o-yeai period, a total of 213 suigically lesected stomachs w^ere examined 
These specimens w^eie resected for duodenal ulcer, gasti ic ulcer, gasti ic 
carcinoma, ]3nnphosarcoma, 01 111 the couise of resection of the head of 
the pancreas The material w'as obtained diiectly from the operating lOom 
and, avoiding all possible trauma due to handling or washing, fixed in Zenker’s 
fluid wnth fiA'-e per cent glacial acetic acid or Bourn’s fixative The number 
of blocks taken varied wnth the extent of the lesection There were seventeen 
charted sites m the complete specimen including terminal esophagus and 
duodenal bulb 

Early in the present investigation it seemed apparent that if a relationsh’p 
between chronic gastiitis and peptic ulcer or gastric carcinoma rvas to be 
established, its basis w'^as to be sought 111 changes in the epithelial elements 
of the mucosa, rather than 111 the inflammator)'' elements Believing that these 
inflammatory manifestations, wdiich haA''e been adequately described by numei - 

* Aided in part by a grant from the Anna Fuller Fund 
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ous investigaloi s, are not of a specific type, and only roughly parallel the 
disease process. the\ will not he elaboialed in any detail 

In the callous peptic ulcei the continuity of all layers of the gastric w^all, 
the mucosa, submucosa, and musculaiis, is abiuptly mteirupted The base 
of the ulcei is m dense fibious tissue, fiequently external to the muscle 
coat This lesion ma} heal but a peimanent scai niaiks the site Dense fibrous 
tissue fills the defect, and epithelium glows m fiom the margin, fiist, xii 
a single flattened layei, then foiming gastiic pits and occasionally glands 
with chief and paiietal cells The elements aie apt to be distoited wuth 
hianching and dilated cistic foinis The musculaiis and musculaiis mucosae 
neiei completeh legenciate 



Tir 1 — Supcrficnl ulcer limited b\ Fig 4 — Almost heiled mucosnl ulcer, 
musculans mucosae iiith mucous plug 


As gastrectomy has come to be moie readily undertaken, the pathologist 
has encounteied less tjpical lesions, but ones which dififei fiom the callous 
peptic ulcer only in degree They may penetiate only partly through the 
muscle coat, or only into the submucosa They ai e attended by a commensurai-e 
degree of fibiosis and granulomatous leaction, and heal with minor scarring 
of the muscle coat and submucosa and some distoi tion of the mucosal elements 
The ulceration may be limited by the musculaiis mucosae This lesion, 
particularly, has come undei obseivation as a result of suigery undertaken 
eaily in the history of the ulcer patient oi before prolonged medical super- 
vision has produced a remission of symptoms Phlegmenous ulceration has 
been included in classifications of gastric lesions but this has frequently 
been applied to the extensive superficial eiosions encountered at postmortem 
W'hethei due to autolysis or a manifestation of a generalized overwdielmmg 
disease The lesions here ref ei red to are not always giossty evident until 
similar ones have first been identified microscopically They are minute 
stellate, focal, or iiregulaily linear ulcerations (Fig i) Occasionally two 
or more small stellate lesions may be continuous thiough connecting fissures, 
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active or healed (Fig 2) In microscopic preparations these are limited 
by the muscularis mucosae and covered by a thin zone of fibnnopurulent 
exudate and granulation tissue The underlying submucosa shows some 
edema and a slight increase m fibrous tissue The adjacent mucosa flows 
into the defect so that the gastric pits and glands are directed into the defect 
and he at right angles to their former position (Figs 3 and 4) A mucus 
plug IS commonly seen to fill the defect 

These lesions are always multiple and when they heal the imprints persist 
These have been found in every surgically lesected stomach examined If 
the gastric mucosa be examined closely it will be observed that it has a 
pebbled or cobblestone character that is most marked in the pyloric region 
and along the lesser curvature In the stomach of the chronic ulcer patient 



Fig s — Helled mucosal lesion or crypt P^G 6 — Healed mucosal lesion or crypt 
Note orientation of gastric pits of lesser magnitude than Figure s 


this effect is marked It is least evident when the pathology is minor, of 
short duiation, oi in young individuals This pattern is due to a network 
of shallow fissures outlining mounds of gastric mucosa When the pebbling 
is coarse the mounds of mucosa so marked out may have a central depression 
or fovea, so that they present an umbihcated appearance (Fig, i) In 
sections active, healing, or healed stages may be encountered in serial 
blocks of a single fissure In healing, the defect is not filled in by fibrous 
tissue but regenerating epithelium creeps across the base from the surface 
mucosa which dipped into the ulcer and formed its side walls A crypt-hke 
formation results, into which adjacent gastric pits are directed, and this 
configuration is not lost even when the regenerated epithelium recovers 
normal mucous secreting properties and some regeneration of pits and glands 
has occurred (Figs 5 and 6) The term “crypt” will be applied to this 
configuration in which the surface epithelium dips to the region of the 
muscularis mucosae, and adjacent gastric pits and glands, losing their usual 
orientation, are deflected into the depression at right angles to the surface 
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A series of finely giaded lesions can thus be traced in retrograde fashion 
from the callous peptic ulcei to the minute mucosal ulceration At no point 
in the series can a line be drawn to demaicate one lesion sharply from 
another When a peptic iilcei is present it should, therefore, be considered 
only the most obvious example of multiple lesions involving the gastric 
mucosa It vould follow that the absence of a callous peptic ulcer m the 
presence of multiple lessei lesions does not mateiially alter the fact that 
such a specimen may still be an “ulcei stomach ’’ 

But these aie not the minimal lesions to be identified on caieful micio- 
scopic inspection of gastiic mucosa A fuither senes of lesions, finely gradu- 
ated as to seveiit} and size, can be identified within the mucosa In order 
of decreasing severih, the fiisl of these, considered to be the connecting 
link betw’een the ulcei ated and intiamucosal lesion, is a focus of neciosis 
wdiich occupies the full-thickness of the mucosa Theie is an intense poly- 



Tig 7 — rodl necrosis in gastric mucosa. Fig 8 — Necrosis of isolated gastric 

with polymorphonuclear leukocytic infiltra glands, with poljmorphonuclear leukocjtic 
t'on infiltration 


morphonuclear infiltration, with edema about a gastric pit and gland, oi 
several of such units, which are undergoing degeneiation and necrosis (Fig 
7 ) It is suggested that the reaction may proceed to a break in the mucosa 
with the formation of the mucosal ulcer described, wnth either eventual heal- 
ing resulting in the typical crypt, or if this does not occur, to a fully devel- 
oped callous peptic ulcer Smaller foci of necrosis are more frequently en- 
countered involving only a single gland (Fig 8) Polymorphonuclear 
leukocytes he clustered about the gland, within the epithelium, and wuthm 
Its lumen The epithelial cells and their nuclei are pyknotic and in the dis- 
integration of the gland may form an apparent syncytial mass There may 
be an accompanying infiltration of lymphocytes and histiocytes of varying 
intensity 
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Isolated glands which undergo degeneration without exciting a prominent 
inflammatory i espouse may also be encountered The pale outline of the 
basement membrane can be identified and the faint outlines of disintegrated 
chief and parietal cells from which nuclei have completely disappeared An 
indistinct cluster of pale eosinophilic granules may identify the remnants 
of a parietal cell (Fig 9) Other glands at a slightly earlier stage may 
demonstrate a vacuolar degeneration of chief and parietal cells with a 
loss of gianule definition and a swelling, pyknosis, 01 disappearance of 
the nucleus (Fig 10) That this is not an artefact 01 autolysis is evi- 
denced by the preservation of all cellulai details of adjacent uinnvolved 
glands Paiietal cells are well known foi then ability to persist even in 
autopsy material, but even the chief cells, which undeigo disintegration 
much more readity, can, in these adjacent glands, maintain cellular outline, 
cytoplasmic basophilic gianules, and nucleai detail In another alteration 
in gastiic glands that is encountered with some frequency, the lining cells. 



Fig 9 — Complete degeneration of iso Fig io — Localized degeneration of gas 
lated gastric gland trie glands 


although well preserved are somewhat smaller than usual, crowded together, 
and have fi pale cytoplasm so that they may bear a close resemblance either 
to the cells of the pyloric glands or to Brunner’s glands of the duodenum 
In some examples a parietal cell or a chief cell may be interspersed among 
these relatively undifferentiated cells (Fig ii) 

It is more difficult to trace the process of repair which must follow upon 
these intramucosal foci of necrosis and degeneration It would seem that 
the more severe manifestations should leave some scar in resolution This 
may be a focus of increased density of connective tissue resulting in some 
shrinkage and a depression of the surface mucosa to foim an irregularity 
which falls short of the well defined crypt The lesser lesions uill leave 
proportionately less apparent scars The vacuolar degeneration and disin- 
tegration of cells of a gland uitbout an accompanying polymorphonuclear 
reaction may be the manner whereby the piocess of wear and tear disposes 
of exhausted gastric glands Replacement may occur b} regeneration from 
the neck region so that reformed glands are first lined by undifferentiated 
cells (Fig II ) These degenerative changes are paralleled by a regenerative 
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1 espouse on the pait of the geiminal cells in the neck legion The degiee 
of mitotic activit} \\hich may be quite maiked m this legion is loughly pro- 
poitional to the seventy of the degeneiation and necrosis (Fig 12) 

A series of changes has thus been outlined which proceeds by imper- 
ceptible stages from a phenomenon of degeneiation and repair, which may 
veil be a noimal process, to the pictuie of the typical peptic ulcei This un- 
interiupted senes of lesions, vhich is pnmanly concerned only vith the 
epithelial elements of the gastnc gland, is proposed as the basis ot chroiiic 
gastntis From this process the peptic iilcei cannot be sepaiated Chronic 
gastntis, so defined, cannot be thought ot as a condition vhich may precede 
01 be associated vith the peptic ulcei but includes it This conception of 
chronic gastritis makes it possible to inteipiet as part of a single process 
a number of findings which haie pie\iously seemed uni elated or contra- 
dicton Since the peptic uicei is not the sole 01 even in the disease process 
the most impoitant lesion 111 the stomach of the ulcer patient, it makes 
understandable the common clinical expeiience of a positive symptomatology 
and a 1 espouse to theiapy m the absence of a pioxed diagnosis 



Tig ir — Gistnc ghncis lined bj cells Fic 12 — Mitotic actnitj in germinal 
tthicli h'i\e not dilTcrentntcd to clncf and epithelium of the neck region between gas 
parietal cells trie pits and glands 


Surgical mateiial has not been adecpiate foi an extensive study of duodenal 
mucosa The poition of duodenal bulb resected is usually very short, and 
even this is apt to be in part desti oyed by clamping, transection, and cauter} 
Not only is it difficult to throw' new' light on its patholog}' but misconcep- 
tions are preserved by the lack of any disproof In the mateiial available the 
complete series of changes obseived in gastric mucosa has not been dem- 
onstrated But some evidence for the piesence of a similar process is en- 
countered It is not uncommon to encountei foci where the mucosa is veiy 
thm due to the disappearance of Brunnei's glands Here, the mucosa dips 
deeply to cover this defect and is sepaiated from the muscularis only by a 
thin layer of lymphoid infiltiation and a zone of fibrous tissue This is com- 
patible with a healed superficial ulcei ation (Fig 13) 

It should be appaient that equivalent mucosal lesions m stomach and 
duodenum may produce consideiably diffeient effects The well formed sub- 
mucosa and thick muscular coat of the gastnc w'all are capable of concealing 
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a focal ulcer or cicatrization which in the duodenum will be capable of pro- 
ducing a deformity and interference with motility that might be readily 
identified by the radiologist It is common experience in surgery and in 
surgical pathology that the surgeon resecting a stomach and duodenal bulb 
IS convinced that he has resected a duodenal lesion identified radiologically, 
liut on pathologic examination the presence of a lesion is not confirmed 
The usual explanation is that the lesion remains m the inverted duodenal 
stump, or that it was destroyed m clamping and transection The lesion 
sought for has been the typical peptic ulcer involving all coats of the 
duodenum It is possible that minimal lesions may be present and overlooked, 
or ascribed to trauma or artefact 

The terms hypertrophic and atrophic are almost universally applied 
as descriptive of different types of chronic gastritis The term hypertrophic 
is permissible in gross description, for mucosal folds may vaiy in size and 



Fig 13 — Healed superficial lesion of duodenal mucosa, uith absence of glands 


thickness and the mucosa itself may appear to be of increased thickness 
The term is frequently used with the implication of hyperplasia If a grossly 
thickened mucosa be examined microscopically an increase in the numbei 
or size of glands is not found, nor would such a change be expected of glands 
as highly specialized as those of gastric mucosa In fact, no elements can 
be identified in the mucosa which are increased in number or volume beyond 
that in a section from a corresponding region of the stomach in a specimen 
not so thickened The changes are very intimately bound up with edema, 
but this is of significance in the submucosa rather than the muscosa The 
apparent thickening of the ‘mucosa can be explained on a mechanical basis 
The mucosa is normally bound to the muscle coat by the loose connective 
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tissue of the sitbinucosa in such a mannei that within a limited lange it 
can be moved fiom side to side oi elevated If this submucosal space is 
filled by edema fluid then the fibcis of connective tissue assume a more 
\eitical disposition with the lesult that a given aiea of mucosa is reduced 
in size The result is that the mucosa assumes a crenated pattern and hence 
appears to be mci eased m thickness The leim hypei trophic gastritis should 
be used only as a desciiptive teim, if at all, and with the leahzation that 
it is not an entity with any specific significance 

Atrophic gastiitis is an accuiately descriptive term, but this is not an 
entit} distinct from the pi ocess that has been defined In the stomach show'- 
ing an advanced stage of chi onic gastritis the i epeated focal ulcerations heal- 
ing with crypt formation result m an increasing loss of glandular elements 
and those w Inch persist may come to be encountered only m discrete clusters 
This is due in part to actual destruction of individual units, but as w^ell to 
the failure on the part of the germinal epithelium in the neck region, as a 
result of a prolonged proliferative response, to maintain the rate of replace- 
ment of degenerated and disintegrated glandular units Not only does the 
specialized epithelium of the gastiic glands softer on this account but, as 
well, the niucus-seci eting elements taking origin from the same germinal 
epithelium show' the results of exhaustion of the legenerative process In 
the early stages mucus secretion is diminished The mucus cells, which 
were originally tall columnar and filled wuth a pale mucin displacing the 
nucleus tow'ard the basement membrane, take on a cuboidal chaiacter with 
a dark homogeneous cytoplasm and a centiall)' located lound dark nucleus 
The alteration in chaiactei of the mucus-secreting epithelium proceeds from 
here through metaplasia to the so-called intestinal type, wfiiich is marked 
by cuboidal or low columnai cells, occasionally containing sharply outlined 
rounded vacuoles of mucin This alteration occurs first only in isolated 
patches, but in moie advanced cases may come to occur ovei w ide aieas or even 
entirely replace the noimal type of gastiic mucus-secreting epithelium 

Hyperplasia of the mucus-seci etmg elements of the gastric mucosa offers 
a further field' for stud}'’, but this must be postponed foi the time being 

SUMMARY 

A detailed study of 213 surgically resected stomachs has revealed a 
number of changes in gastric glands which at fiist appeared to be of little 
significance, but w’’hen arrayed in a sequence of increasing seventy and 
magnitude formed an uninterrupted senes of lesions that suggest a single 
disease process The least of these is the occurrence of scattered glands 
lined by epithelial cells which are undifferentiated into chief and parietal 
cells There are also scattered glands undergoing a process of vacuolar de- 
generation which IS occasionally found to have progressed to complete degen- 
eration with only the ghost of the gland persisting These changes are 
thought to be compatible wnth a normal process of degeneration and repair 
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m gastric mucosa The process of degeneration is sometimes associated with 
an infiltration by polymorphonuclear leukocytes This may involve a number 
of adjacent glands and amount to a focus of necrosis which may border on 
focal ulceration of the mucuous membrane A lesion of this magnitude can 
be identified only microscopically 

The minimal lesion which can be recognized grossly is focal ulceration 
involving only the mucosa ’ These are round, stellate or linear in type In 
the healed state they are grossly identified as a network of shallow fissures 
with intervening mounds of mucosa which present a pebbled or umbilicated 
appearance Microscopically, they appear as crypts in which the surface 
epithelium dips to the musculans mucosae, and into which adjacent gastric 
glands and pits are diiected The even piogiess of this series of both ulcerated 
and healed lesions is maintained hy ulcerations or scars which may extend 
through the musculans mucosae to submucosa, to the muscular coat, or 
entirely through the muscular coat 

This complete series of lesions is held to be a single disease process to 
which the term chionic gastritis may be applied It is described as a process 
of degeneration or necrosis and repair When the degeneration and the 
necrosis are overwhelming, and the mechanism of repair is inadequate, a 
recognizable peptic ulcer is the result The element of repair is an essential 
part of the process When foci of degeneration and necrosis occur and recur 
in great numbers a prolonged proliferative i espouse is called forth and ex- 
haustion of the germinal epithelium may occur This is evident in the atrophy 
and disappearance of glands and the diminution in mucus secretion or meta- 
plasia on the part of the epithelium of surface and gastric pits 

Hypertrophic gastiitis is considered to be a mechanical alteration in 
the gastric mucosa, but atrophic gastritis is an integral and late stage of 
chronic gastritis 

CONCLUSIONS 

A pathologic process, stemming from the normal degeneration and lepair 
of gastric glands, is outlined and to this the term chronic gasti_itis is applied 

The imprint of this process can be recognized to a greater oi less degree 
in every surgically resected stomach Evidence suggesting a similar process 
has been encountered in the duodenum 

The peptic ulcer, as a lesion of gastric or duodenal mucosa, is not a dis- 
tinct entity but only the most obvious manifestation of chronic gastritis as 
here defined 

The symptomatology of the peptic ulcer may be present in the absence 
of a grossly demonstrable lesion but can be explained on a basis of chronic 
gastritis 

The apparent greater frequenc}'^ of duodenal over gastric peptic ulcers 
nray be due to the fact that minimal lesions can more readily produce a 
recognizable deformity m the duodenal wall 
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Thc suBjEci or DixuBiius urxRRS 01 bed soies has leceived but cursory 
treatment in cm lent textbooks on medicine and suigeiy Piesent-day 
standard medical texts such as Cecil’s,^ and Chiistian’s levisions of Osier 
mereh refer to the occuiience of bed soies m some diseases of the central 
nenous system and in such debilitating diseases as typhoid fever and 
diabetes Homan's’^ textbook of Smgeiy mentions debilitating diseases 
and poor nutrition of the skin as contiibuting causes in addition to local 
pressure Cole and Elman’ state "Any poorl} nourished patient suftermg 
fiom piolonged and debilitating illness, as typhoid feiei, tubeiculosis, etc , 
ma} develop bed soies unless adequate musing caie is exercised m turning 
the patient and piotecting bony piommences” 

Freeman,'’ writing in Keen’s "Suigery Its Principal and Practice” m 
1919, under the chapter on moitification 01 gangiene, gave the subject a 
fairly extensive treatment A comprehensive list of the usual sites was gn en , 
and the soies nere divided into oidinaiy and decubitus accompanying 
lesions of the cential nervous system The etiology of oidinary bed soies 
uas attributed to piohahle thiombosis of the smallei veins of the legion, 
giving rise to gangiene. sloughing and ulceiation Othei factors mentioned 
as moie 01 less impoitant weie (i) Hypostasis, (2) lack of tissue resistance 
caused by disease, -weakness and defective metabolism, (3) alteration m 
vasculai intima due to bacteiial poisons, lack of nutrition fiom capillarv 
stasis, changes m blood, etc , and (4) evapoiation of fluids fiom the tissues 
It was also implied that local piessuie injury was usually the immediate 
etiologic factor Thus, theie has not been much new added to the knowledge 
in the etiology of bed soies fiom 1919 to date Exception, however, must 
be made of Joseph® mIio, in 1930, used insulin to impiove the "geneial con- 
dition of the patient,” and of McCoimick,^ who, in 1942, postulated that bed 
sores were caused by avitaminosis B 

Throughout this biief survey of the liteiatuie there runs the implication 
that malnutrition some-wdiat contributes to the development of bed sores The 
therapy, however, except for McCoimick’s use of vitamin B, seems to make 
1^0 provision for the improvement of nutrition The principal measuies 
may be briefly reviewed 

* Under a grant from Fredenck Stearns & Compaiw, Detroit Michigan 

tNoYvLt Col U S M C 

Submitted for publication May 19, 1943 
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in gastric mucosa The process of degeneration is sometimes associated with 
an infiltration by polymorphonuclear leukocytes This may involve a number 
of adjacent glands and amount to a focus of necrosis which may border on 
focal ulceration of the mucuous membrane A lesion of this magnitude caii 
be identified only microscopically 

The minimal lesion which can be recognized grossly is focal ulceration 
involving only the mucosa ' These are round, stellate or linear in type In 
the healed state they are grossl)'^ identified as a netnork of shallow fissures 
with intei veiling mounds of mucosa which present a pebbled or umbilicated 
appearance Microscopically, they appear as crypts in which the surface 
epithelium dips to the muscularis mucosae, and into which adjacent gastric 
glands and pits aie diiected The even progress of this series of both ulcerated 
and healed lesions is maintained bj’^ ulcerations oi scars which may extend 
through the muscularis mucosae to submucosa, to tbe muscular coat, or 
entirely through the muscular coat 

This complete series of lesions is held to be a single disease process to 
which the teim chronic gastritis may be applied It is described as a process 
of degeneration or necrosis and repaii When the degeneration and the 
necrosis are overwhelming, and the mechanism of repair is inadequate, a 
recognizable peptic ulcer is the result The element of repair is an essential 
part of the process When foci of degeneration and necrosis occur and recur 
m great numbers a prolonged proliferative response is called forth and ex- 
haustion of the germinal epithelium may occur This is evident in the atrophy 
and disappearance of glands and the diminution m mucus secretion or meta- 
plasia on the part of the epithelium of surface and gastric pits 

Hypertrophic gastiitis is considered to be a mechanical alteration in 
the gastric mucosa, but atropine gastritis is an integral and late stage of 
( hronic gastritis 

CONCLUSIONS 

A pathologic process, stemming from the normal degeneration and repair 
of gastric glands, is outlined and to this the term chronic gastritis is applied 

The imprint of this process can be recognized to a greater oi less degree 
m every surgically resected stomach Evidence suggesting a similai process 
has been encountered in the duodenum 

The peptic ulcer, as a lesion of gastric or duodenal mucosa, is not a dis- 
tinct entity but only the most obvious manifestation of chronic gastritis as 
here defined 

The symptomatology of the peptic ulcer may be present in the absence 
of a grossly demonstrable lesion but can be explained on a basis of chronic 
gastritis 

The apparent greater frequency of duodenal over gastric peptic ulcers 
may be due to the fact that minimal lesions can more readily produce a 
recognizable deformity in the duodenal wall 
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The subject or decubitus ulcers oi bed soies has received but cursory 
treatment in cuiient textbooks on medicine and surgeiy Piesent-day 
standaid medical texts such as Cecil’s,^ and Christian’s levisions of Osier, ^ 
mere!} refer to the occurience of bed sores m some diseases of the central 
nervous system and in such debilitating diseases as typhoid fever and 
diabetes Homan’s'^ textbook of Surgei)’’ mentions debilitating diseases 
and poor nutiition of the skin as contiibutmg causes in addition to local 
piessure Cole and Elman^ state “An}’- poorl} nourished patient suffering 
from prolonged and debilitating illness, as typhoid fevei, tubeiculosis, etc , 
may develop bed soies unless adequate niiising caie is exercised in turning 
the patient and protecting bony prominences ” 

Freeman,'* wiitmg m Keen’s “Suigery Its Piincipal and Practice” in 
1919, under the chapter on mortification or gangiene, gave the subject a 
fairly extensive treatment A comprehensive list of the usual sites was given , 
and the sores weie divided into oidinaiy and decubitus accompanying 
lesions of the cential nervous system The etiology of ordinal y bed sores 
^^as attributed to piobable thiombosis of the smaller veins of the legion, 
giving use to gangiene. sloughing and ulceiation Othei factors mentioned 
as more 01 less impoitant Y\eie (i) Hypostasis, (2) lack of tissue lesistance 
caused by disease, weakness and defective metabolism, (3) alteiation ni 
vascular intima due to bacterial poisons, lack of nutrition from capillary 
stasis, changes m blood, etc , and (4) evaporation of fluids fiom the tissues 
It was also implied that local piessuie injuiy was usually the immediate 
etiologic factor Thus, theie has not been much new added to the knowledge 
in the etiology of bed sores fiom 1919 to date Exception, however, must 
fic made of Joseph® vho, in 1930, used insulin to improve the “general con- 
dition of the patient,” and of McCoimick,'’’ who, in 1942, postulated that bed 
sores were caused by avitaminosis B 

Thioughout this brief survey of the literatuie there runs the implication 
that malnutrition somewhat contributes to the development of bed sores The 
therapy, however, except foi McCoimick’s use of vitamin B, seems to make 
no provision for the improvement of nutrition The principal measuies 
niay be briefly reviewed 

* Under a grant from Fiedeiick Stearns & Companj, Detroit, Michigan 

TNowLt Col U S M C 

Submitted for publication May 19, 1943 
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1 Relief of local pressure 

All matti esses 
Rubbei rings 
Frequent turning 
Sawdust beds'^ 

2 Local stimulation 

Light massage 
Sunlight 

Infra-red radiation 
Ultiaviolet light ladiation 

3 Stimulation of healing with dressings of 

Balsam of peru 
Cod liver oil 
Gentian violet 
Tincture of benzoin 

4 Antiseptics 

Chlorine and other compounds 
Sulfonamides 

Our interest in this condition was aroused by a case of extensive 
third degiee burns who was losing so much protein from the buined areas 
that dining the second week of his stay m the hospital, in spite of repeated 
plasma and blood transfusions, his total plasma proteins were 5 4 Gm % 
At this point he developed a bed sore over the sacrum This occurrence 
suggested a possible lelationship between hypoproteinemia and the develop- 
ment of bed sores Accordingly, total plasma protein determinations were 
taken in 35 random cases of bed sores The results with correlative da’^a 
aie given in Table I 


Table I 

FI ASMA PROTEIN CONCENTRATION AND OTHER CORRELATIVE DATA IN 35 CASES OF BED SORES 


Ages Ranged from 30 to Si Years, Nnlrtltonal States from Poor to Emaciated 


T P Ranges 

No of 

Ranges of 



Gm % 

Cases Hematocrit Values 

Description of Bed Sores 

Above 6 40 

0 




1 0 —6 35 

6 

42—44 

All 

* sim (4 Psych 2 Frac ) 

5 5 —6 00 

12 

39—42 

5* 

7** 8 sim 4 mult (9 Frac 3 Psych ) 

5 0—55 

12 

20—42 

4* 

8***, 5 sim 7 mult (2 Pysch 4 Frac 

4 0—50 

3 

20—39 5 

j** 

2****, all mult (1 Frac 2 Gen ) 

3 75—3 8 

2 

15—22 

1**, 

, !**♦*, both mult (both m Gen Wd ) 




Key 


* = Under 1 cm 

in diameter 


Psych 

= Psychiatric Ward 

** = From 2 to 5 

cm in diameter 


Frac 

= Fracture Ward 

*** = From 5 to 10 cm m diameter 


Gen 

= General Ward 

**** _ Over 10 cm 

in diameter 


Sim 

= Simple 




Mult 

= Multiple 


It Will be seen from Table I that all the cases had poor nutritional states, 
and that none of these 35 cases had a plasma protein concentration over 
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635 Gm % Six cases had plasma piotein concentialion of between 6o 
and 635 Gm a laiige which ma} be called the iippei limit of abnormal, 
and the othei 29 cases weie below 60 Gm % If the seventy of the sores 
IS now anal} red against the level of plasma pi oleins it will be seen that the 
extent and depth of the iilceis as well as the multiplicity seem to be 1 elated 
to the level of plasma pioteins It is also interesting that in the group of 
SIX with plasma piotein ranges between 60 and 635, four w^eie in the 
ps}chiatiic waul and two in the fiactuie waid, and of the 12 in the plasma 
piotein range of between 5 5 to 60. nine weie in the fiactuie waid and thiee 
in the ps}chiatiic waid. while none of the 18 in these two gioups belongs 
to the general waids, and that all tlie cases fiom the genet al w^aids occuried 
in the gioups below the ])lasma jiiotein langcs of 5 5 Gm % The significance 
of this distiibution will be commented upon latei 

From the stud} of this table alone there seems to be a stiong piobabilitv 
of a relationship between bed soies and Inpopioteinemia 

One of the patients (pp 6 15 Gm ) in the fiist gioup and one in the 
third group (pp 576 Gm %) weie placed on a high piotein diet The 
healing of the ulcei and the impiovement m geneial condition w'eie so piompt 
and definite that it was decided to undcitake a conti oiled study of the nrtro- 
gen balance of a senes of patients with bed soies, fiist undei the usual waid 
feeding and then after they weie placed on adequate caloiic and nitrogen 
diet Eight cases weie embiaced in this stuch 

KXPEIUMIINTAL CONSIDER VTIONS 

Nui)itwnal Regimens — Two of the eight patients foi the fiist six days 

of stud} w'ere placed on high caloric but low nitrogen diet Table II is 

the protocol of one of these patients The othei six had a contiol peiiod 

of the first three days during which the usual waid diets w'ere given The 

caloric and nitiogen figures weie taken by suliti acting the approximate values 

of food unconsumed fiom the values given foi the diet as it appealed m the 

dietitian’s charts After these contiol peiiods the patients weie given an 

ammo-acid dextrose mixture of homogenous composition dissolved m 500 cc 

ph}siologic saline solution and enough water to make the mixture easy to 

administer The patients w^eie thus taking appi oximately 45 Gm of NaCl 

daily The water intake ivas uniestiicted When appetite letuined, it w^as 

sometimes necessaiy to supplement the mixtuie wnth an egg sandwich, the 

caloric and nitrogen values of which weie also calculated fiom the dietitian’s 

charts Tables III and IV aie piotocols representative of this group of six 

During the entire hospitalization peiiocl all these eight patients had been 

receiving daily, by intramuscular injection, for a period of from 4 to 12 

weeks, thamine chloride 30 mg , nicotinic acid, 50 mg , and cevitamic acid, 
100 mg 

^ Thic^ ~ * 

nis mixture was kindly prepared for our use bj’’ Frederick Stearns & Compan\^ 

Detroit, Michigan 
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Collection and Caie of Laboiatoiy Samples — The urine was preserved 
with thymol, kept in the refrigerator, and pooled over each 72 hours The 
uiinary output ranged from 850 to 1250 cc The feces of each patient were 
collected m two pooled specimens one for the control and the other for 
the feeding periods They were kept in sulfuric acid 

The hematocrit was usually determined each time the total plasma protein 
concentration was determined by the Barbour-Hamilton® method When 
it was desired to deteimme albumin and globulin figures, the method of 
Wu and Ling, as modified by Greenberg,® was used In determining the 
nitrogen of the urine and stools, the method of Rappaport, as modified by 
Levy and Palmer,^® was used 

Weights of the Patients — ^All the eight patients except one (D P, 
Table II) were weighed periodically during the period they were undei 
study Bedridden patients were placed on a tared stretcher and the loaded 
stretcher was then weighed on two Howe platform scales, the two front 
wheels resting on the platform of one scale and the two hind wheels on that 
of the second From the combined weight of the stretcher and patient was 
subti acted the weight of the stretcher, leaving the patient's weight Tlie 
sensitivity of each scale was 25 Gm , so that the sensitivit}'^ of the two-scale 
system was approximately 50 Gm 

Two of the cases had copious discharges, one from the bed sore itself 
(B M, Table III), and the other from an unhealed amputation stump 
(Figure 4) The 24-hour discharges were collected on filter papers of 
predetermined weight and nitrogen content and then analj^zed for total 
nitrogen, using the same chemical method as m the urine and stool detei- 
mmation This source of nitrogen loss was also included in the figures foi 
total nitrogen output 


EXPERIMENTAL RESULTS 

The geneial lesults of the eight cases are so strikingly uniform that only 
three protocols need be given, each illustrating a point under investigation 
Table II (J R ) embodies the findings of a case of simple and mild 
bed sores complicating fractuies He was one of the two cases who, during 
the first SIX days, were put on a high caloric but low nitrogen diet He 
registered throughout these six days a negative nitrogen balance, a lo&s 
of weight, a slight depression m the plasma protein concentration, and no 
improvement m the ulcers On the seventh day both of these patients were 
placed on a high caloric and high amino-acids diet with a resulting positive 
nitrogen retention A gam in weight, an upswing m the plasma protein 
concentration took place, and healing became perceptible on the fourth day 
after the high protein diet was started The hematocrit values remained 
relatively unchanged throughout the course of the woik 

Table III represents the nitrogen balance studies of D P who, as a 
result of impaired appetite and diarrhea, following an operation for repair 
of a traumatic rupture of the sigmoid, was in a poor nutritional state The 
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Table II 



J R , MALE AGE 56, ADMITTED 7-13-42, FRACTURE UPPER RIGHT FEMUR, BED SORE 5 WEEKS, SLOVLT ENLARGING 



N 

N 

N 





Caloric 

Intake 

Output 

Balance Hcmato- 

P P 

P Alb 

Wt Description of 

Date 

Intake 

Gm 

Gm 

Gm cnt 

Gm % 

Gm % 

Lbs Bed Sores 

Sept 








6-7 




41 

6 2 

3 3 

102 5 Over sacrum, 1 cm , slug- 

7- 8) 

8- 9 







gish, greyish base, involves 
subcutanous tissue 

► 9300 

18 

22 6 

—3 3 




9-loi 








10-11] 








11-12] 

^ 9300 

18 

21 25 

—3 25 40 5 

5 9 


99 25 No improvement 

12-131 

1 







13-14 

1 







14-15 

] 8420 

48 6 

31 42 

16 58 



102 Base pink granulations 

is-ie] 

1 






forming 

16-17] 

[ 







17-18 

f- 9165 

52 45 

31 74 

20 71 395 

6 2 


106 5 

I 8 -I 9 J 

1 







19-20 

[ 9165 

52 45 

35 3 

15 IS 40 

6 6 


110 0 5 cm in diameter 

20-21 

( 







21-30 

3800 

25 


41 

6 9 

4 1 

115 Healed on 9/30 


daily 

daily 







presence of edema consequent to a total plasma protein concentiation cf 
46 Gm % made it useless to follow the weight cuive Dining the first thiee 
days (if, October 7-10) the patient’s caloric and nitiogen intakes w^eie 
calculated from the portions of the piesciibed diets wdnch he consumed He 
lost 102 Gm of nitrogen duiing these thiee days During the subsequent 
nine days he w'as given the amino-acid-carbohydrate mixture described above, 
with the result that he was on a positive balance daily Signs of healing 
were definite on the fourth day, and the ulcer, which was initially supei- 
ficial, was healed on the ninth day It will be noted that the hematocrit 
did not change materially during these days, the slight fall being perhaps 
due to increased blood volume as a result of a higher plasma piotein con- 
centration 


Table III 


D B , iULE, ACE 61, ADMITTED INTO KING’S COUNTT HOSPITAL 8-9-42, WITh'dIAGNOSIS OF TRAUMATIC 

rupture of rectosigmoid operation for closure of perforation bed sores began 9-10-42 


Date 
Oct 
7 ~ 8 

8- 9 

9- 10 

10- 1 l] 

11- 12V 

12- 13] 

13- 14j 

14- 151 
is-ie] 

16- 17) 

17- 18} 

18- 19] 


Caloric 

Intake 

N Intake 
Gms 

N Output 
Gm 

N, 

Balance 

Hemato- 

crit 

P P 

Gm % 

P Alb 
Gm % 

Description of 
Bed Sores 

3386 

22 4 

33 42 

—11 02 

22 

4 6 

2 8 

Sacral, 4 cm involves 
dermis No signs of 
healing, edema of 
ankles 

9300 

64 8 

42 94 

-1-21 86 





9300 

64 80 

35 04 

-f29 76 

20 

5 3 


Base healthier, granu- 
lations forming 

9300 

68 80 

41 2 

-1-27 8 

19 

S 9 


Ulcer almost healed 
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Table IV represents a patient (B M ) whose bed sore was exceedingly 
severe, in area as well as in depth The pictuies in Figure i represent dif- 
feient stages of healing As in the other cases, signs of healing w'^ere definite 
on the fourth day after the nitrogen balance w'as reversed from negative to 
positive The plasma proteins and the body weight both underwent a coi- 
responding rise The original ulcer was so extensive that the first day’s 
discharge contained 893 mg of nitiogen, corresponding to the loss of almost 
5 56 Gm of protein, or 113 cc of plasma of the protein concentration of 
that day 

Table IV 


B M MALE AGE 41, ARTERIOSCLEROTIC GANGRENE OF RIGHT FOOT 
AMPUTATION AT KING S COUNTT HOSPITAL 6-11-42 BED SORES BEGAN 8 15-42 




N 

N 

N 







Remarks 


Caloric 

Intake 

Output 

Balance 

Hemato 

P 

P 

P Alb 

Wt 

Description of 

Date 

Oct 

Intake 

Gm 

Gm 

Gm 

cnt 

Gm 

% 

Gm 

% 

Lbs 

Bed Sore 

7- 8l 











9" \ 6" \ 1" Dirty grey- 

8- 9 

|- 2700 

16 8 

32 375 

—16 375 

34 

4 

9 

2 

2 

94 

ish sloughing base, ne« 

9-1 ol 
10-11] 
11-12 

i- 9300 

64 8 

42 73 

-f22 068 







erotic edges 

1 2 - I 3 I 

13- 14] 

14- 15 

I- 9300 

74 9 

35 761 

-1-39 139 







Base cleaner, granula 

15- 1 el 

16- 17] 

17- 18, 

I 

• 9300 

78 9 

36 8298 

-1-42 07 






995 

tions forming 

1 8 - I 9 I 

19- 20 1 

20 - 21 

■ 9300 

78 9 

44 826 

-1-34 072 

36 

5 

42 

2 

7 



21 -22^ 

22 - 23 ] 

23- 24 

24- 251 

■ 9300 

78 9 

37 8 

-1-41 1 

36 

5 

58 

2 

96 

104 

Healing rapid 7"\5''\?<I'' 

25- 261 

26- 27 

I 9300 

78 9 

51 166 

-1-20 73 








27- 281 

28- 29] 

29- 30 

30- 3 y 

1 9300 

78 9 

42 276 

-f33 624 

36 

5 

82 

3 

2 

115 5 

5'’n4'’\ 


In Figure l are photographs of different stages of healing of this 
patient The w^ound healed rapidly at first but lost momentum, and it took 
almost three months to effect a complete healing of this ulcer which w^as 
initially 9 x 7 x 2 inches 

Figures 2 and 3 show the stages in the healing of hvo other patients 
whose protocols are not shoivn here but -whose healing folloived the usual 
pattern of being visibly definite three or foui days after the nitiogen 
balance was reversed from negative to positive Figure 3 also shows an 
amputation stump which evinced no healing Avhen the bed sore developed, 
but which began healing as soon as the bed sore show'^ed signs of healing 

COlVIMENT AND DISCUSSION 

This study may be said to have gone through three stages The 
suggestion given by the development of bed sores in a case of burns, with 
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1 I G I — IMncI in shows the ulctr of pnttciU 1} Af , Tnblc IV, in the onginnl state Note the 
grejish, necrotic hnsc niul cclenntous prnmtlnttons Panel ib shows the ulcer one week after nitrogen 
balance was reiersed from negatnc to positne, and niamtained Note the healthier color Panels 
ic and id show the ulcer during, respecti\cl> , the 6th and 12 th weeks 


2 1 



graniil^f ' Pmel aa shows the original bed sore, undermined, Inid, and glistening uith edematous 
Weeks tendencj to heal Panels 2 b and ac show the state of the ulcer three and sia. 

alter maintenance of nitiogen balance Note the pink, healthv granulations in both panels 



1 10 3 — Pinels 31 and 3b show, respectiveH, the ongiml sore and the unhealed amputation stump 
In the latter note the necrotic edges, the grcMsh caudate, and the luid and glistening tissue Panels 
3C and 3d show, respectively, the healed ulcer 12 days after treatment, and the healing amputation wound 
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liypoproteiiieniia l)ecaine a jji oljability ^\hen the plasma protein concentrations 
oi a senes of 35 cases were determined and correlated wntlr the seventy of 
the ulcers, and when a high piotein diet was found to cause healing in the 
only tno of these 35 m whom high protein diet was instituted The proh- 
ability Avas confirmed by the conli oiled nitiogen balance studies of eight 
patients AMth bed soies 

The failuie of the ulcei to heal Aiith high caloiic and Ioaa^ nitrogen 
diet for SIX days in tiAO cases, as lepresented by J R (Table II), and the 
occurrence of signs of healing on the fourth daj aftei the mtiogen balance 
AAas made positive shoAAed that it A\as not high caloric intake Avhich initiated 
the healing The use of a mixtuie aaIucIi contained no fat indicated that 
fatty acids aie not essential in the healing of these sores. Avhich Avas im- 
plicated The nairoAA ranges m aaIucIi the hematocrit changed during the 
stud} period and the fact that D P (Table II) had a hematocrit of onh 
22 throughout the healing period indicated the lack of direct relationship 
betAveen anemia and the develojAinent of bed soies The vitamin therapy 
to AAhich these patients AAere subjected tbiougb tbeii hospital stay, prior 
even to the development of bed soies, indicated that in the piesence of 
hypoproteinemia, vitamins do not prevent the development of bed sores 
Finally, the prompt healing becoming evident foui days after protein 
anabolism AAas achieved points to a definite lelationship betAveen protein 
metabolism and the development of decubitus ulcers 

At this point. It may be pertinent to state the lole of protein nutrition 
m the causation of bed sores It is knOAAii that a certain amount of 
pressure applied locally to even a noimal tissue for a sufficient length of 
time can cause necrosis of that tissue In patients Avitli protein malnutii- 
tion the tissues are so changed in character that it apparently takes a 
smaller amount of pressure, 01 the same amount of pressure foi a shorter 
length of time, to cause tissue neciosis It may also be expected that Avhen 
the malnutrition reaches a ceitain point eA^en the amount of pressure 
exerted by the lecumbent body for the usual period of rest may cause 
tissue necrosis 

This combination of pressure and of tissue of “a changed chaiacter’’ 
m the causation of bed sores explains the distribution of the 35 cases 111 
Table I m the fracture, the psychiatric and the general wards In the 
psychiatric Avard all the patients had large doses of hypnotics, which con- 
strained the patients to he unconscious in one position for a long time In 
the fracture cases this same constraint Avas exeited by a plaster encasement 
l^IeanAAdiile the loss of nitrogen from the body, either as a result of “toxic 
loss due to the injuiy, or as a result of undernutiition. 01 of the combination 
of both, altei the character of the tissues In the general Avard, howeAei, 
the patients Avere able to change positions more freely and thus would not 
OA^elop sores until malnutrition Avas more marked 

This same hypothesis of combined causation A\ould also explain the 
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fact observed by Cushing^^ that marasmic infants develop bed sores on the 
back of the scalp, since in the infant the head is perhaps the heaviest pait 
of the body 

Abbott and Mellors’ observations^® that a patient with several decubiti 
healed rapidly after anabolism was achieved by sufficient caloric and protein 
intake and that several similar patients also healed rapidly when given repeated 
plasma transfusions are consonant with this hypothesis 

Apart from the light which this study throws on bed sores, the impli- 
cation that tissues of patients with poor protein nutrition have this character 
of impaired viability is significant in connection with the entire problem 
of protein nutrition It has previously been shown that tissues of hypo- 
proteinemic individuals have impaired healing powers,^^' and Alt- 
shuler, et al have recently shown that intractable surface ulcers heal in 
response to ammo-acid therapy 

Whether the same causative factors are also operative in bed sores 
occurring m cases of transverse myelitis, and other diseases of the central 
nervous system, remains for furthei stud} The favorable response obtained 
by McCormick in his one case to improved nutrition suggests a similar 
etiologic factor 


SUMMARY AND CONCLUSIONS 

1 In 35 landom cases of bed sores, it was found that the plasma 
protein concentration were invariably below the lower limits of normal 

2 In a controlled study of two other cases it was found that the giving 
of a high caloric diet resulted in further weight loss to the patient, in a 
negative nitrogen balance throughout the six days, m a depression of the 
plasma protein concentration, and in no improvement in the condition of 
the sores 

3 In SIX other cases it was found, during a control period of three 
days, that the diets they were taking in the wards resulted in a negative 
nitrogen balance, a slight loss of weight, and lack of improvement of 
the ulcers 

4 In all the eight cases there was improvement in the general condition, 
gain in body weight (except D P m whom the w'eight was not followed), 
a rise in plasma proteins, and healing of the ulcer when the nitrogen balance 
w^as reversed from negative to positive 

5 Fatty acids are not essential to the healing of bed sores, and in the 
presence of protein deficiency vitamins do not seem to prevent the develop- 
ment of bed sores 

6 The theory is advanced that both local pressure and a tissue of impaired 
vitality as a result of protein deficiency are factors in the causation of 
bed sores 

Grateful acknowledgment is made to Dr Irving Barcham and to the Hospital 
for Joint Diseases, New York, for contributing two of these cases 
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SAPHENOUS (LIGATION) RESECTION IN THE OBESE* 
Lieut George R Dunlop, M C , V-(S), U S N R 

WoRChSTFn, Mass 

FROM THE DEPARTMENT OF SURGERY MEMORIAL HOSI ITAL WORCESTER, MASS 

During recent years the surgical hteiature has contained numerous and 
excellent accounts of the tieatment of varicose veins and their complications 
In order to avoid unnecessaiy lepetition this paper will be limited to a 
discussion of only two factors First, causes for the deaths reported in the 
literature following saphenous resection, and, second, the reasons for failure 
to ligate all the collateial branches in the fossa ovalis This discussion is 
based on an experience with 418 consecutive personal cases (the majority 
of whom were obese) m which a high saphenous lesection was performed, 
either for phlebitis or foi varicose veins In this discussion the tenn 
saphenous resection is used instead of ligation, inasmuch as the operation 
advocated today is no longer a simple ligation of the saphenous vein, but 
rather a resection of a portion of the proximal end of the saphenous vein 
together with the collateral superficial I'^enous circulation in the fossa ovalis 
There weie no deaths in this group, and the incidence of recurrences is 
growing smaller each }ear, due we believe to careful attention to the details 
to be discussed 

A review of the hteratuie might impress the reader with a number 
of facts The mortality late seems to be proportional to the number of 
patients who are kept in bed Mooie and Knapp repoited 121 cases treated 
at the New Yoik Hospital, with tw^o deaths fioin pulmonary emboli Both 
of these patients w^ere kept in bed Dean and Dulin reported tw^o deaths 
fiom emboli, each case being kept in bed ten days after injections Weeks 
and Mueller, reporting on 325 cases treated on the First Suigical Service 
at Bellevue Hospital, described one death following bed rest of eleven days 
Faxon, Oschsner, and others have emphasized the need for keeping these 
postoperative patients up and about Our own experience has borne this out 
Although the cause of thrombophlebitis or phlebothrombosis is not knowm, 
most Walters believe that any factor w'hich slows the venous return from the 
leg IS an important contributing factor Inasmuch as this circulation is 
largely dependent upon the muscle contraction of the legs and diaphragm 
patients at bed rest have a sluggish venous flow and are more likely to 
develop a soft, non-adherent thrombus whose release may cause a fatal em- 
bolism 

If the surgeon lecognizes the need for allownng his patient to be uji 
and about immediately after the operation has been performed, he will 
lefuse to treat any case where he is not reasonably sure that this can 
be accomplished The common causes of failuie might be listed as follow's 
* Submitted for publication November 23, 1942 
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1 Nausea and vomiting from morphine 

2 Postoperative pain 

a Due to trauma of the tissues m the operative wound 
b Due to a thrombophlebitis from injections given at the time of 
opeiation 

c Due to infection 

3 Pain fiom an active thrombophlebitis for which a high saphenous re- 
section has been performed 

4 Weakness, due to the fact that the patient has been kept m bed during 
the preoperative period for the caie of an open varicose ulcer 

We have been impressed with the large number of patients who were 
nauseated by morphine This is sometimes not recognized, as the vomiting 
IE attributed to the anesthesia Befoie discontmumg the use of morphine 
in patients uho had a high saphenous resection, about two out of ten cases 
had difficulty immediately after the procedure due to nausea 

If the operation is performed with a minimum amount of tiauma, there 
should be little postoperative pain In this senes of cases, catgut, silk, 
plastigut and cotton have all been employed and the latter has been found 
to be the most satisfactory'' because it appears to cause less tissue reaction and 
IS not extruded fiom infected wounds 

We have entirely given up the piactice of injecting the saphenous 
vein at the time of its resection and have been interested to note that many 
others working on this problem have come to this same conclusion Our 
reasons might be listed as follows 

1 The pain of the thrombosing vein might be responsible for preventing 
the patient becoming ambulatory at once 

2 In some instances the saphenous vein wull thrombose spontaneously after 
its ligation This is particularly true when ligation has been done at 
several levels 

3 The varicosities will frequently contract following ligation so that the 
resulting thrombosis obtained after subsequent injections will be smaller 
than if the injections w'ere given at the time of the operation 

4 As has been pointed out by Atlas, retiograde injection at the time of 
operation may give rise to a deep thrombophlebitis 

The problem of infection will be dealt with in a description of the opera- 
tion It suffices to say that experience has confirmed what others have said 
before, “never perform a high resection of the saphenous vein in the 
presence of an open lesion on the leg ” When necessary w'e have hospitalized 
these cases, and aftei the lesion has been cleaned up, healed or grafted w'hen 
indicated, the patient has been allowed oiU of bed for a few days, before 
the operation is performed At such times a firmly fitting elastic bandage 
IS worn We believe it is a mistake to take any patient to the operating 
room for a saphenous resection wdio has been kept in bed for the treatment 
of a varicose ulcer, even though the patient is expected to be out of bed 
immediately after the operation 
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Experience has shown that the most impoitant single cause for the 
recurrence of varicose veins is the surgeon’s failure to ligate all the col- 
lateral branches in the fossa ovahs We believe that most surgeons realize 
the need for performing this step in the operation and that the real cause 
for failure is due to the fact that they find the higher branches inaccessible 
through their incision, especially in the obese Ochsner and Mahorner 
lecognized this fact and advised the use of a vertical incision crossing the 



Fig I — A photograph showing recurrent varicosities occurring in a male five years 
after a ‘‘high saphenous ligation” where the vein was divided several "inches below the 
saphenofemoral junction Following a secondary operation at a Ggher level these 
varicosities thrombosed spontaneously 

flexion crease of the groin We have tried this with poor success This 
incision is made at right angles to the lines of cleavage in the skin whicli 
in itself causes an unsightly scar Again, the operation must necessarily be 
performed on many obese patients where such an incision crosses the apron 
of fat which hangs down over the inguinal region and increases the difficulty 
of the procedure The amount of motion in such a wound is greater than 
in a transverse incision and in itself may be a factor contributing to poor 
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wound healing Realizing the vital need for satisfactor}^ wound healing in 
tins type of case, we returned to the transveise incision 

Most writers describe the tians\erse incision as being made “parallel to 
Poupart’s ligament’’ or “parallel to Poupart’s ligament and just below the 
flexion crease ” It is oui opinion that as long as such incisions are routinely 
made on the obese, the collateral branches m the fossa ovahs will not be 
adequately ligated in many instances Recent writers have been impressed 
with the fact that the saphenofemoi al junction lies much higher than they 
expected This has been borne out in the experience wuth the present series 
Various land marks have been cited to aid the surgeon in outlining his 
incision Some opeiatois suggest that the femoral artery may serve as a 
landmark, others refer to Poupart’s ligament, some to the flexion crease in 
the groin, and still others to the pubic spine We have found that m the 
obese women the femoral artery may be palpated with difficulty, that Poupart’s 
ligament is not easily outlined m the 'obese, the flexion crease is a variable 
.matomic landmark but that the pubic spine is a constant point which can 
usually be palpated even in a heavy patient The fact lemains that little 
has been said about the distance from the flexion crease of the groin to 
Poupart’s ligament Surgeons unconsciously find themselves draping the 
patient w ith reference to the flexion ci ease rather than to Poupart’s ligament 
We have found that m very obese patients it has been most difficult to reach 
the saphenofemoral junction through incisions placed at oi below the 
flexion crease itself Hanging below Poupart’s ligament is a thick, redundant 
fold of fat wdnch in man}' instances may even overlap the thigh The flexion 
crease m such an instance acts as a constrictive sling which prevents the 
operator from reaching the level of the highest branches under the supeiioi 
W'ound margin In the thin individual this is no problem, but any incision 
which IS so limited in its application is unsatisfactory We believe that foi 
these reasons the efforts of many surgeons woiking on obese patients are 
defeated Often all accessible branches are ligated and the wound closed 
wnthout the saphenofemoral junction being actually visualized Thi'^ has 
certainly been the experience of the writer and of those handling the cases 
admitted from the Varicose Vein Clinic, until the higher placed Incision 
W'as employed in the obese Faxon, in 1934, described a death following a 
high saphenous resection and included the comment made by the operating 
surgeon “Because of the great amount of subcutaneous fat, he could not 
demonstrate the saphenofemoral junction ” 

Foi these reasons we began making a transverse incision above the 
flexion crease of the groin on all obese patients, raising or lowering the 
level above the crease, depending upon the amount of fat present With 
this new approach w'e were surprised to find how high the upper branches 
he above the flexion crease This higher approach brings the surgeon down 
on the branches first and as these are isolated and ligated, the saphenous 
vein IS gradually mobilized Such an incision keeps the w'ound on top of 
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the fatty apion and away fiom the skin maceration which is so common in 
this type of patient 

Wound complications constitute a definite hazard in this operation This 
13 not difficult to understand when we considei that so many factors aie 
piesent which may contribute to pooi wound healing The incision is made 
in a hail beaiing aiea where theie is apt to he considerable perspiration 
The wound is not kept at lest as it is imperative that the patient be 
ambulatory The opeiation is earned out almost entirely in fatty tissue 
which has a low lesistance to infection Because of these facts, we have 
felt that no type of w^ound deserves mose careful attention to detail, as an 
infection may mean a bedridden patient and subsequent death from an 
embolus In this series of 418 cases theie has been a two per cent incidence 
of wound infections Of this group, it was only necessary to hospitalize 
four cases (one per cent) because of infeciion 

i 

OPERATIVE TECHNIC 

The piesent operative piocedure includes all details which might in any 
way help to lowei the incidence of wound complications 

After the usual skin pieparation, the towels are so placed that an incision 
can be made in an obese patient fiom a quarter of an inch to an inch above 
the flexion crease of the gioin, two and one-half to three inches in length 
The level of the incision, of couise, depends upon the amount of fat in 
this area The pubic spine is found to be the most reliable landmark in 
placing the upper towel Under local anesthesia, these towels are then 
sutuied to the skin with fine cotton on cambric needles The incision 
is then carried down through the skin and immediate subcutaneous fat The 
bleeding points are clamped with small mosquito hemostats, as it has been 
found that the ordinary hemostat will pull off of these small vessels because 
of its weight The bleeding points are ligated with fine cotton, usually 
No 70 At this point, skin towels are clipped to the wound margins wath 
Michel clips, care being taken not to squeeze these clips so that they might 
traumatize the skin margins Having thus redraped the field, the dissection 
IS carried down through the deeper subcutaneous fat and fascia As soon 
as clamps have been placed on three or four small bleeding points they are 
ligated at once as it is important to keep the wound free of instruments In 
our opinion, any bleeding point deserves ligation as the field must be kept 
meticulously dry 

The dissection next brings the operator down on a group of lymph nodes 
which will vary in size, depending on ivhether 01 not there have been open 
lesions on the leg duiing previous yeais These are best dislocated upwaid 
cn ’iiasse The saphenous vein is usuallj'- found immediately undei these 
lymph nodes 01 just medial to them In many cases the superficial iliac 
vein is first encountered descending obliquely through the fat above the 
upper border of these Ijnnph nodes to join the saphenous This vein at 
times may serve as a guide to the location of the saphenofemoral junction 
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The remaining collateral branches aie then carefully dissected out fioin 
their suiiounding fat and divided by slipping an aneuiysm needle undei 
them and ligating the vein with fine oi medium cotton, depending upon its 
size (fine cotton No 70, or medium cotton No 36) We believe that the 
use of the aneuiysm needle mth division of the vein between ligatures is 
superior to dividing the stiucture between clamps, inasmuch as the clamp 
crushes and devitalizes a small portion of the tissue Again, in handling 



Plate I — A Indicates the protruding role of fat between Poupart’s ligament and the flexion 
crease of the groin The incision should be placed above the crease 

B The dotted line represents the flexion crease of the groin The drawing illustiates how far 
above this level the branches in the fossa ovalis appear in the obese 

C The saphenous vein has been doubly ligated with cotton and all but one collateral branch has 
been divided A poition of the femoral vein is seen at the saphenofemoral junction 

D The saphenous vein has been divided and the proximal stump is elevated while a ligature is 
being placed at the saphenofemoral junction Note how high this ligature must lie above the flexion 
crease of the groin 

the clamps the friable veins may he torn Tissues divided between ligatures 
do not always become necrotic but pick up a new blood supply when returned 
to their original position in the wound 

In this manner the field is never obscured with a number of clamps 
and should a small vein be inadvertently damaged, the bleeding can be 
quickly controlled as the field is not obstructed At times it has been 
noted that the lateral superficial femoral vein is larger than the saphenous 
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itself As the branches are divided between ligatures, the saphenous vein 
IS mobilized and can be dissected free from the underlying fascia Great 
care must be taken not to injure the pudendal artery which usually passes 
under the saphenous vein at this point but m some instances may pass 
directly above it 

Following immobilization of the saphenous vein, at this point a two-mch 
segment is ressected between ligatures of medium cotton and the proximal 
stump elevated into the wound As it is freed-up by sharp dissection, the 
femoral vein is visualized lying just under the deep fascia of the leg It is 
now possible to place one or two cotton ligatures about the stump, flush 
with its junction with the femoial vein The redundant vein that was 
elevated in the wound is then excised The superficial fascia is closed 
separately with interrupted sutures of fine cotton The skin towels are 
then removed and the wound closed with interrupted end-on mattress 
sutures of fine cotton We have found that in many patients the skin is thin 
and tends to invert For this reason the end-on mattress suture has been 
used routinely even though it requires a few additional minutes to insert 

The usual operative time is between 35 and 50 minutes, depending upon 
the size and weight of the patient The operation performed today takes 
about 15 to 20 minutes longer than the operation performed five yeais ago, 
due to the demonstrated need for including the details previously mentioned 
Formerly, we performed a bilateral ligation at one time However, during 
the last two years we have again found that patients are more easily 
kept ambulatory if one side is operated upon one day and the second side 
the following day As has beeen mentioned before, these patients are given 
no morphine but are given a barbituate one hour before coming to the 
operation room Following the high saphenous resection, incompetent com- 
municating branches 01 the sliort saphenous vein are ligated when indicated 

CONCLUSIONS 

Any factor such as nausea, weakness, or pain which prevents the post- 
operative patient from remaining ambulatory increases the risk of a high 
saphenous resection (ligation) 

Any incision made parallel to and below the flexion crease of the groin 
will prevent the operator from successfully ligating all collateral branches on 
all obese patients 

This paper summarizes the experiences gained from a series of 418 
cases of high saphenous resection, the majority of whom were obese There 
was no mortality, and an incidence of two per cent wound infection 
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FROM THE DEPARTMENT OF SURGERA OF THE PRESB\TERIAN HOSPITAL AND THE LABORATORA OF SURGICAL 
PATHOLOGA, COLUMBIA UNIVERSITA, NEW AORK N A 

EDEMA OF THE SKIN 

Edema or ihe skin over the breast is an exceedingly important sign 
of the extent of breast carcinoma, the significance of which is not generally 
recognized by surgeons 

It was first described by French surgeons almost a century ago Lan- 
nelongue'’ gives the great surgeon and surgical pathologist, Auguste Nelaton, 
the credit for originating the apt descriptive term “pemt d’oiange” that has 
kept its place in medical nomenclature through the years Figure i illustrates 
this striking appearance 

Sir William Banks,®’ " a distinguished Liverpool surgeon, who w’as one 
of the pioneers during the last quarter of the 19th century in emphasizing 
the necessity for radical surgical attack upon breast carcinoma, compared 
the appearance of such edematous skin to saddle leather, and called it “pig- 
skin ” He offered the explanation that the fine points in its surface are 
“the hair follicles caught and tucked down by the cancer ” His contemporary, 
Thomas Bryant,® of Guy’s Hospital, who, in 1887, published a little book on 
diseases of the breast, which was the best thing of its kind that had been done 
up to that time, preferred the term edema of the skin He pointed out that 
such edema is one of the features of a particularly malignant form of breast 
carcinoma which he called "acute edematous infiltration of the skin and 
breast” or “brawny infiltration ” His description of this form of the disease, 
which today has come to be called the tnflammafoj y type was an excellent one, 
and was illustrated with a colored drawing 

Although Bryant was a skilled clinician he was not much of a microscopist 
Indeed, his understanding of the pathologic processes involved in the spread 
of breast cancer was rudimentary He did not understand the mechanism of 
metastasis by tumor emboli, and conjectured, that carcinoma spiead by w^hat 
he called “infection ” that is “the acquired power possessed by morbid epi- 
thelial cells, when coming into contact wuth embryo undeveloped cells, of 
influencing their development, and causing them to take on the epithelial form ” 

Bryant was writing in terms of gross pathology when he w’rote regarding 
the acute “brawny infiltration” form of breast carcinoma “These local symp- 
toms are ahvays associated with rapidly progressing disease, in which the 
original nidus not only spreads rapidly by infiltration, or ‘local infection’ 
but also by ‘lymphatic infection,’ the lymphatics, as described, being appar- 
ently filled, if not choked, with the epithelial material which it is conveying 
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to the lymphatic glands” This obseivation of Biyant’s was certainly an 
astute one, even though it was not based upon microscopic studies, and should 
not be mteipieted as an explanation of the micioscopic changes responsible 
for skin edema 

The fiist to study the phenomenon of skin edema from the microscopic 
point of view \s as Archibald Leitch ® Dm ing the yeai s he spent at Middlesex 
he became mteiested m the pioblem of acute mammary cancer and he made 



Fig I — Close up mcw of edema of the shin over the breast 


sections of the skin in several cases m which there was extensive edema of it 
He saw that the corium was enoimously thickened by edema The arterioles 
were dilated, and many weie filled with cancer cells There was a marked 
perilymphatic infiltiation of lymphocytes and plasma cells Leitch described 
these findings m a paper published m 1909 entitled D’ Orange in Acute 
Mammary Carcinoma Its Cause and Diagnostic Value ” He concluded 
that the cancer cells had permeated the skin lymphatics in the opposite direc- 
tion of the lymph stream, blocking the lymphatic circulation of the skn 
and causing edema of it The depressions in the edematous skm vere the 
^^^ggerated pits of the haii follicles 

Recent writers 011 inflaniinator)’^ caicmoma of the breast, such as Taylor 
and Meltzei,^® have accepted Leitch’s interpretation that its essential feature 
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IS a subepideimal carcinomatous lymphatic iDermeation The disease has 
come to be fairly well known to surgeons as an extraordinarily malignant form 
of breast cancer, which is recognizable by the generalized enlargement of the 
breast and the extensive redness and edema of the skin over it 

No one, however, has given special attention to the phenomenon of edema 
of the skin in itself, and to its prognostic significance It is not generally 
appreciated that this important clinical sign is seen in the later stages of all 
forms of breast carcinoma, whether they be rapid or slow in growth rate 
These are the features which we wish to emphasize 



Fig 2 — A small area of edema of the skin in the areolar region 


When the area of edema is small, as in the case shown m Figure 2, it 
easily escapes detection unless carefully looked for It usually begins in the 
skin within or just caudad to the areola, that is, in the more dependent part 
of the breast This is regularly the site where edema first appears when the 
tumor IS situated deep in the central part of the bieast, but it may also be 
the eailiest location of edema when the tumor is situated in the periphery 
of the breast We have seen edema appear just below and medial to the 
areola when the carcinoma was a small one situated in the extreme upper 
outer limits of the breast 

This tendency for edema of the skin to develop in the areolar region is 
very likely due to the fact that the carcinoma of the breast tends to spread, 
in Its late stages, m a 1 etrograde direction along the main lymphatic pathways 
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accompanying the ducts convei ging at the nipple Reaching the dermal lym- 
phatics in the areolai region the caicmoma plugs them so completely that 
edema m the immediately adjacent dependent area of skin lesults 

There are, of course, othei cases in which the edema first appears in the 
skin immediately over a carcinoma situated more peripherally in the breast 
In such cases the skin is usually somewhat adherent to the underlying tumor, 
and it seems probable that the skin lymphatics have been obstructed by direct 
retrograde invasion from the suiface of the growth outwards 

We have been much interested in the mechanism by which edema of the 
skin is produced, and we have made a special effort over a period of years 



Fig 3 — Carcinoma emboli in dilated lymphatics in the conum of edematous skin 


to study the skin histologically m these cases In interpreting the findings 
the first requisite, of course, is an appreciation of the normal arrangement 
of the lymphatics m the skin Since the classical studies of von Teichmann,^^ 
it has been known that there are no lymphatics m the epidermis itself In 
the conum, however, there aie two networks of them, a narrow-meshed 
superficial one which sends branches up around the papillae, and a vide- 
meshed deeper one made up of broader channels equipped with valves vhich 
communicate by means of vertical branches uith the subdermal lymphatics 
Our histologic studies of edematous skin have led us to the conclusion that 
the process begins with the appearance of embolic masses of carcinoma cells 
111 the deep network of lymphatics in the conum Wt assume that the 
mechanism by which extension takes place is at first embohc rather than one of 
'continuous pei meatwn, because we have often seen the picture illustrated in 
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Figure 3 Heie, in edematous skin, the deeper lymphatics are dilated and 
contain unmistakable tumoi emboli As the edema pi ogresses both the 
supeificial and deep lymphatic vessels become solidly choked with tumor 
cells, and at this advanced stage of the process peiineation is probably the 
piedominant mechanism b}'- which the disease extends 

Leitch, and all those who have wiitten legaidmg inflammatory carcinoma 
since his time, have assumed that edema is due to continuous permeation of 
the skin lymphatics by the carcinoma Leitch lecords studying a total of 
only seven cases m which there was edema, and all of these were apparently 
far advanced, so that he ma}'^ not have had the opportunity of studying the 
histologic appearance of the early stage of edema It is piobable, also, that 
Leitch was influenced toward emphasis upon permeation as opposed to 
embolism as the method by which breast carcinoma spreads by his confrere 
Sampson Handley Foi, in 1905, when Leitch was studying cases with 
edema, Sampson Handley was working m the same laboiatory at Middlesex, 
completing his inteiesting investigations of the process of dissemination of 
breast carcinoma 

When edema involves a large area of skin over the breast, the dermal 
and subdermal lymphatics are extensively involved This explains the 
clinical fact that patients with edema involving a considerable part of the 
skin over the breast are never cured by surgery When tumor embolism 
and permeation have progressed to such an advanced stage it is only reasonable 
to find that the disease is beyond the limits of any local surgical attack, no 
matter how radical it may be This, at least, has been oui experience at the 
Piesbyterian Hospital 

In ordei to determine as accurately as possible the significance of edema 
of the skin we classified the cases in which this phenomenon was present into 
two groups (i) Those in which the extent of the edema was limited to less 
than one-tlmd of the skin ovei the hi east, and (2) those m which it 
extended ovei a largei aiea 

There were a total of 41 patients with eA. tensive edema of the skin in 
whom radical mastectomy was perfoimed Twenty-seven, 01 65 9 per cent, 
were known to have developed local recurrence within five years following 
operation None remained cured at the end of five years We have, there- 
fore, placed this group of cases m our categoi ically inopeiahle class 

The results of radical mastectomy m the patients with limited edema 
are shown m Table XIV, fiom which the groups of cases classified by us 
as categoi ically inopei able have been excluded 


Table XIV 

RESULTS OF RADICAL MASTECTOM\ CASES IN WHICH THEBE WAS LIMITED EDEMA OE THE SKIN OVER THE BREAST 



{Categorically Inoperable 

Cases 

Excluded) 




No of 

S-Year Local Recurrence 

S-Year Clinical Cures 

Clinical Group 

Cases 

No 

Per Cent 

No 

Per Cent 

Limited edema only 

32 

13 

40 6% 

4 

12 S% 

Limited edema with other signs of locally advanced 





disease 

17 

12 

70 6% 

0 


Total 

49 

2S 

51 0% 

4 

8 2% 
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These data indicate that edema of the skin, even when it is of very 
limited extent, is an extremely serious sign In the group of cases in which 
this grave sign occuried alone the cuie rate was but 125 per cent, and 
vhen It occurred m conjunction with othei signs of locally advanced disease 
there were no cuies 

When ve state that edema is a giave sign we mean, of course, that it is 
a giave sign when it is pioduced by carcinoma For edema of the skin ovei 
the breast develops, although infiequently, m a variety of other conditions 
It is sometimes seen, for instance, nhen the axillary Ijmph nodes aie exten- 
sivel) involved b}’- tubeiculosis Bieast abscess pioduces it We have also 
seen it develop in association vith a cyst aiound which there was a marked 
granulomatous prohfeiation In these conditions the lymphatic blockage 
must be due to the inflammatoiy piocess The diagnostician should take caie 
not to jump to the conclusion that a patient has carcinoma just because she 
has edema, for in itself this sign is not diagnostive 

FIXATION OF THE TUMOR TO THE CHEST WALL 
As carcinoma of the breast extends locally, the giowth itself, as veil as 
the bieast m which it lies ‘■tends to become fixed to the underlying pectoial 
fascia, and finally to the thoiacic cage It is important to define this fixation 
111 teims of degree All suigeons aie famihai with the advanced degree of 
fixation 111 which the breast is moie 01 less immovable upon the chest wah 
But the early stage of the process often escapes the examinei’s attention 
foi It is bi ought out only by certain special maneuvers 

Early fixation can be demonstrated by having the patient sit erect, 
place her hands on her hips, and contiact her pectoial muscles by pressing 
her hands against her sides first on one side and then on the other The 
breasts, if they are not too heavy, are normally pulled upward slightly by 
this action The upward motion is usually apparent only along the lateral 
aspect of the breast where the movement of the underlying pectoral muscle 
IS greatest There is usually no upward movement of the lower, dependent 
edge of the breast But when carcinoma has produced abnormal fixation 
of the breast to the underlying pectorals the affected breast is pulled upwards 
more than its normal mate This abnoimal elevation may be apparent only 
along the lateral aspect of the breast, or in the region of the tumor In cases 
with 11101 e advanced fixation the whole breast may be elevated by pectoral 
contraction This is what we have chosen to designate as first-degree fixation 
The bieast and the tumor Avithin it can still be moved passively with freedom 
ovei the chest wall 

Another maneuA'^ei to demonstrate abnormal fixation of the tumor to 
the chest vail is earned out vith the patient lying supine, the hands placed 
on the hips With the pectorals relaxed, the examiner first tests the 
movability of the tumor over the chest vall b) genth moving it npvards 
and dov wards in the diiection of the long axis of the bod)’’ The patient 
is then asked to press her hands against her sides contracting the pectorals, 
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and the movability of the tumor over the chest wall is again tested When 
this maneuver shows that movabihty is decreased by contraction of the 
pectorals we assume that it is due to abnormal fixation to the underlying 
pectoral fascia, and designate it in our classification as second-degree fixation 
A more advanced degree of fixation, and one which we call third-degree 
fixation, IS that in which the tumor is more or less solidly fixed to the 
underlying chest wall, even when the pectorals are relaxed 

In general, the surgeons who described the physical findings, in yeara 
gone by, in the series of cases we are here discussing did not distinguish 
the lesser degrees of fixation which we have mentioned We have had 
to be content, therefore, with sorting out only the group of cases in which the 
tumor was solidly fixed to the chest wall The results of treatment in 
this group, excluding the categoucally wopeiable cases, are shown in 
Table XV These results indicate that a marked degree of fixation is 
a grave sign 

Table XV 

RrSULTS or radical MASrrCTOM'i cases in which THr TUMOR WAS SOIIDI'V riXED TO THE CHEST ^\ALL 

(Calegoncalh Inoperable Cases B\chided) 



No of 

5- Year Local 

Recurrence 

5-Year 

Clinical Cures 

Clinical Group 

Cases 

No 

Per Cent 

No 

Per Cent 

Fixation oiiZj 

Fixation with other signs of locally 

18 

advanced 

7 

38 9% 

2 

n 1% 

disease 

24 

9 

37 5% 

2 

8 3% 

Total 

42 

16 

38 1% 

4 

9 S% 


There is a small group of cases of carcinoma developing in the 
inframammary fold which 'we have not included in Table XV, because 
they present a special problem as regards fixation These tumors of the 
inframammary fold all appear to be fixed, even when they are small, because 
of the close attachment of the fascial planes to the body wall at this point 
The breast, being an appendage of the skin, is enclosed between the super- 
ficial and deep layers of the superficial fascia These layers fuse at the lower 
border of the breast and bind its edge to the fascial plane of the abdominal 
wall In the present series there were five patients with fixed inframammary 
tumors in whom radical mastectomy was performed One of them developed 
a local recurrence, but the other four, or 8o per cent of the group, were 
cured five years after operation^ With this experience in mind, we do not 
attach any importance to fixation if the tumor is a small inframammary one 

SATELLITE TUMOR NODULES IN THE SKIN OVER THE BREAST 

In the advanced stage of mammary carcinoma satellite tumor nodules 
frequently develop m the skin adjacent to the primary tumor They are 
often better felt than seen, being detected by passing the flat of the hand 
gently over the skin surface These nodules no doubt develop as the result 
of retrograde extension of the disease to the skin lymphatics 

The grave significance of the appearance of these satellite skin nodules 
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IS known to most siiigeons In the piesent senes of cases such nodules weie 
noted in a total of 35 of the patients on then admission Radical mastec- 
tomy was perfoimed in onh’^ seven Four of these developed local recur- 
rence. and none w'as cuied This experience would indicate, therefore, 
that the presence of satellite nodules is a definite contraindication to radical 
mastectomy We include this gioup of cases, m our categorically inoper- 
able class 


INTERCOSTAL OR PAILVSTERNAL NODULES 

Secondaiy nodules of hi east caicinoma sometimes appeal along the 
intercostal spaces or in the pai asternal legion Their origin must be fiom 
the external or the internal intercostal lymphatics, wdiich couise posteriorly 
and anteiiorty, respectlvel3^ beneath the intercostal muscles The nodules 
appear, presumably, wdien masses of tumoi cells become lodged at some par- 
ticular point along these comparatively laige lymphatic channels, and 
grow^ to form a secondai}’’ tumor nodule that becomes apparent externally 
At the sternal edge such nodules he at the point wdiere the lymphatic channels 
perforate the chest w'all to reach the internal mammaiy chain of nodes 

It has been our expeiience that cases m wdiich such secondaiy intei costal 
01 parasternal nodules are piesent aie beyond the scope of surgery In the 
present senes of cases radical operation w^as undei taken in only one such 
case, and cure w^as not obtained We have, therefore, put these cases in 
our categoiically mopeiahle class ' 

IMASSIVELY ENLARGED AXILLARY NODES 

Although the accuracy with wdiich the size and consistency of axillaiy 
lymph nodes can be determined clinically depends to a considerable extent 
upon the obesity of the patient, we believe that a careful estimation of their 
actual size in terms of centimeters should always be attempted Measurement 
of the vertical diameter of a mass of axillary nodes does not mean a great 
deal, for a chain of small- or medium-sized nodes fused together may extend 
a relatively long distance vertically The estimation of the transvei se diameter 
of the largest node or mass of nodes is more truly indicative of the extent 
of disease, and it is upon this measurement that our experience has taught 
us to rely 

In the series of cases wdiich we are considering here the examiner 
usually failed to recoid actual clinical measurements of the nodes, being 
content to state that they were moderately or massively enlarged Un- 
fortunately, statements of this kind do not lend themselves to statistical 
analysis because massive enlargement means one thing to one examiner 
and something else to another There were only 24 cases in our series 
treated b)’" radical mastectomy in wdiich the transverse diameter of the largest 
axillary node w as recorded as being 2 5 cm . or more These data, even 
though the}’- are not large, are worth}* of close attention 
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In all but one of these patients histologic examination after operation 
confirmed the presence of metastases This one patient presented certain 
unusual features She was a woman, age 30, with a large, relatively cir- 
cumscribed tumor occupying the upper central pai t of the breast The tumor 
measured 8 x 10 cm but it was fieely movable over the underlying chest 
wall and there was no edema of the overlying skin Massively enlarged but 
movable l)'^mph nodes were visible in the axillary, and in infraclavicular and 
supraclavicular regions on the tumor side These nodes measured as much 
as 3 cm in diameter When radical mastectomy was performed the surgeon 
was surprised to find that none of these greatly enlarged nodes contained 
metastases, and the woman remains well, ten years after operation In 
letrospect, it can be said that the only clinical feature of this case that 
justifies classifying it as inoperable was the massive lymph node enlargement 
If biopsy of the most prominent nodes had been done it would have 
shown them to be free of metastases, and tbe radical mastectomy would 
then have been m order This experience leads us to recommend biopsy 
whenever massive enlargement of axillary nodes is the deciding factor in 
judging operability 

In the remaining 23 cases in the present senes in which clinical measure- 
ment of the axillary nodes showed them to be 2 5 cm , or more, m trans- 
verse diameter radical mastectomy gave very poor results, paiticularly in 
the group of cases m which the factor of large nodes was combined with 
other signs of locally advanced disease These data are shown m Table 
XVI, which does not include the cases classified by us as cafegoi ically 
mopei able 


Table XVI 


RESULTS OF RADICAL MASTECTOMY CASES IN WHICH THE ANILLART LYMPH NODES MEASURED 2 S CM , OR MORE, 
IN TRANSVERSE DIAMETER CLINICALLY AND CONTAINED METASTASES 

{Categorically Inoperable Cases Excluded) 


No of 


Clinical Group Cases 

2 S cm lymph nodes only 10 

2 S cm lymph nodes nnth other signs of locally 
advanced disease 13 

Total 23 


i-Year Local 

Recurrence 

S-Year 

Clinical Cures 

No 

Per Cent 

No 

Per Cent 

2 

20 0% 

2 

20 0% 

8 

61 5% 

1 

7 7% 

10 

43 5% 

3 

13 0% 


nXATION OF AXILLARY LYMPH NODES 

As involvement of the axillary lymph nodes by carcinoma progresses the 
disease breaks through the capsule of the nodes and invades the fat and 
connective tissue of the axilla Finally, a stage is reached m which the 
involved nodes become fused together and fixed to the overlying skin and 
immobile upon the chest wall forming the inner wall of the axillary 
space This condition is easy for the examiner to detect in thin patients, but 
presents more difficulty m obese ones The fixation to the axillary skin 
may be apparent as a zone of skin dimpling, and thus forms a visible sign 
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Table XVII 

RESULTS or RADICAL MASTECTOMT CASES IN WIICH AXILLARY NODES WERE FIXED TO SKIN OR CHEST WALL 

{Categorically Inoperable Cases Excluded) 



No of 

S-Vear Local Recurrence 

S-Year 

Clinical Cures 

Clinical Group 

Cases 

No 

Per Cent 

No 

Per Cent 

Fu.ed axillary nodes oi ly 
pLxed axil!ar> nodes, with 

7 

other signs of locally 

1 

14 3% 

1 

14 3% 

advanced disease 

14 

7 

SO 0% 

0 


Total 

21 

8 

38 1% 

1 

4 8% 


The Significance of fixation of the nodes to the skin oi the chest wall 
in cases in the piesent senes treated b}'’ ladical mastectomy is shown in 
Table XVII The groups of cases classified by us as categorically moperahle 
have been omitted from this table It will be seen that the results of opei ation 
in these cases with fixed axillary nodes were very poor There were no 
cures at all m the group of cases m which this feature of fixed axillary nodes 
occurred in combination with othei signs of locally advanced carcinoma 

EDEMA OF THE ARM 

Edema of the arm is a sign that develops only when the axillary metastases 
of breast carcinoma have progressed to the stage in which they effectively 
block the lymphatic pathway thiough the axilla The aim then begins to 
swell and often becomes painful We have never known of a case in 
which this sign was present to be cuied by radical mastectomy In the 
present series operation was pei formed in three such cases and none was cuied 
This experience has led us to place patients who present themselves 
with edema of the arm in our categorically inoperable group 

It might be added that the edema of the aim that develops jolloiving radical 
mastectomy is a very difieient process There is often an inflammatoiy element 
in the causation of this kind of edema It ordinarily has no special prognostic 
significance 


SUPRACLAVICULAR METASTASES 

At the turn of the century, Halsted,^- who devised the first truly radical 
mastectomy, had extended his operation to include dissection of the supra- 
clavicular region He omitted it only in the hopeless cases, in "duct cancers,” 
and in the well-differentiated adenomatous types of tumor in which the axilla 
was not involved By 1907, when he reported the three-year end-results in 
Ins series of 232 cases, he had performed supraclavicular dissection in 119 
cases In 44 of these 119 cases the supraclavicular nodes, as veil as the 
axillary nodes, were proved to be involved Three of these 44 patients vere 
well three years after operation 

Despite Halsted’s endorsement of supraclavicular dissection, the opera- 
tion has lost favor, and is today generally abandoned even by most of Doctor 
Halsted’s pupils Whether this is because present-day surgeons are unwilling 
to perform an operation that yielded onh’ a seven per cent cure rate e\en 
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in Doctor Halsted’s hands, oi whethei then lesults with the operation have 
not been as fortunate as his, is difficult to say It seems more likely that the 
latter is the best explanation Eggers^" has recently reported his results 
with supraclavicular dissection in breast carcinoma He performed the 
operation upon 14 patients in whom supraclavicular nodes were palpable 
None of them survived beyond foui years 

In our data from the Presbyterian Hospital the results of supraclavicular 
dissection in cases with clinically involved supraclavicular nodes w^ere equally 
discouraging In a total of 48 of the 986 patients for whom detailed records 
w^ere available, enlarged supraclaviculai nodes were discovered on admission , 



Fig 4 — The inflamniator} type of breast carcinoma 


that IS m 4 9 per cent Supraclavicular dissection was done in a total 
of 16 cases In four of these, histologic examination showed the nodes 
were not involved In the gioup of 12 remaining cases, in which the 
nodes did contain metastases, there were no five-year cures Only four 
of thjese dissections w^ere carried out at the time of the radical mastectomy 
Three of the otheis were operated upon as a separate procedure shortly after 
radical mastectomy In the remaining five cases the dissection \Vas done at 
the time the supraclavicular nodes became palpable, from 10 to 48 months 
after radical mastectomy 

This experience has convinced us of the futilit}'- of supraclavicular dis- 
section m patients m whom supraclavicular nodes are palpable We have, 
therefore, classified these patients in our categof ically tnopei able group 

The use of supraclavicular dissection as a prophylactic procedure for 
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patients in whom there is no clinical evidence of supraclavicular metastases 
but vho have proved axillaiy involvement, is not so easily dismissed The 
dissection, if properly done, is practically without moitality when carried 
out as a separate procedui e subsequent to radical mastectomy Since radia- 
tion, in our experience, \m11 not cure supraclavicular metastases, surgeons 
who are willing to undertake a gieat amount of operating to salvage only 
three or four patients out of every hundred, ma}'- one day take up supra- 
clavicular dissection again for use in carefully selected cases It is a pooi 
resource, but it is the best that w'e have 

INFLAMMATORY CARCINOMA OF THE BREAST 

In any discussion of operability the so-called inflammatory type ot breast 
carcinoma merits special consideiation In recent years this acute and fatal 
form of the disease has been well desciibed by American and German 
WTiters Ta3dor and Meltzer included a comprehensive bibliography in 
their 1938 paper 

The accompanying photogiaph (Fig 4) shows a typical example of this 
disease The patient. Hosp No 383920, a wmman, age 58. came to the hospital 
complaining of a tumoi of the breast of six wrecks’ duration The right 
breast w^as almost twuce the size of the left one, and the skin over it was 
reddened, edematous, and w^aimer than the skin over the other breast Al- 
though the entire breast w^as mduiated, there w^as, 111 addition, a hard tumor, 
measuring about 12 cm 111 diainetei, in the centei of the organ The nipple 
w'as retracted In the right axilla there w^as a mass of hard nodes measuring 
3 cm m diameter, transversely A radical mastectomy was performed 
As might be expected wnth this type of disease there w^as prompt local 
recurrence in the field of operation on the chest wall, and the patient died 
w'lth liver metastases, eight months after operation and nine and one-half 
months after the onset of her disease 

In the senes of cases which w^e are reporting here there was a total 
of 28 patients wath the inflammatory type of carcinoma In 20 of them 
radical mastectomy w^as performed Half of these were knowm to have 
developed local recurrence, and all succumbed to their disease within a 
relatively short time after operation Some of the data regarding this 
group of cases are presented in Table XVIII 

This experience has led us to regard these patients with the inflammatory 
type of breast carcinoma as being incurable by operation We classify them 
as categoucally mopci able, and advise palliative treatment wnth radiation 

DISTANT METASTASES 

A final factor m deciding as to the operability of breast carcinoma is the 
question of the presence of distant metastases Every surgeon, of course, 
searches for them, but then demonstration is not ahvays easy even wuth the 
best of our modern diagnostic aids 
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Table XVIII 

RESULTS OF RADICAL MASTECTOMY IN THE INFLAMMATORY TYPE OF TREATED CARCINOMA 


A — Number of cases of tnfiammatory type in which radical mastectomy was carried out 20 

B — ^Age of patients — varied from 38 to 61 Mean Age 47 years 

C — Duration of symptoms on admission — varied from 1 week to 2 years Mean duration 7 4 months 

D — Sj mptoms 

1— Pam 10 

2 — Tenderness 4 

3 — Diffuse enlargement of the breast IS 

4 — ^Widespread redness of skin over breast 20 

5 — Increased warmth of skin 5 

6 — E'ttensive edema of skin 1 9 

7 — ^Tumor palpable within breast 13 

8 — Two tumors in breast 1 

9 — Diffuse induration of breast, without a discernible tumor 8 

10 — Elevated body temperature 3 

E — Local recurrence in 10 or SO per cent 
F — Five-year clinical cures in none 

G — Mean length of survival following operation 15 5 month 


It IS oul personal practice to carr)' out the following loutine in seai clung 
for distant nietastases in every new patient 

1 Inquiie particiilai ly about the recent development of headache, and 
pain in the back and legs 

2 Inquire regaiding lecent cough or pam in the chest 

3 Run the hand gently over the skin of the back and chest In tins way 
small skin metastases which can not be seen can often be felt 

4 Palpate the opposite axilla and the supiaclavicular regions foi distant 
lymph node metastases 

5 Palpate the abdomen, with special attention to the hvei 

6 Roentgenograms of the chest and skeleton 

Each one of these methods of inquiiy has, at one time or another, enabled 
us to detect distant metastases, and prevented useless radical mastectomy 
Before the da)'-s of radiation therapy there Avas some excuse for canying out 
radical mastectomy upon patients with distant metastases, but today, with the 
palliative resource of radiotherapy at hand, the surgeon is certainly not 
justified in operating 

We have come to feel that the entire skeleton, with the exception of the 
foreaims and hands, lower legs and feet, should be studied roentgenologically 
We have seen isolated metastases m the humerus, skull, shoulder girdle, and 
lower femur that Avould have been missed if these bones had not been included 
A skeletal study of this kind requires six 14- x y-inch, and three 10- x 12- 
mch films, but we believe that this expense is well wDrth while 

The great majority of these breast carcinoma metastases m bone are 
osteolytic in type In films of the lower spine and pelvis, gas bubbles in the 
bowel often produce areas of lesser density which must be distinguished from 
osteolytic metastases The experienced roentgenologist usually is able to 
do this at a glance, but steieoscopic films may be required in some cases 

The differential diagnosis of osteolytic lesions in bone, occurring in a 
female in middle and later life, who has a breast tumor is not difficult 
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On the basis of lelative frequenc)^ they will be found to be due to metas- 
tases fioin the breast tumoi m the overwhelming majority of cases 
Myeloma and hypei pai athy roidism, which also cause destructive lesions in 
bone, are lare diseases Accompanying blood chemistiy changes Mill serve 
to distinguish them vdien the i oentgenologic appeal ance is equivocal In 
tile skull, the changes due to osteopoiosis circumscripta and to fully developed 
Paget’s disease (see Kasabach and GutmaiP^) may cause confusion, but 
the finding of sclerotic, osteoblastic Paget lesions elsewheie in the skeleton 
will usiiallj’^ settle the pioblem In fully developed Paget’s disease the ele- 
vated blood phosphatase is, of com se, diagnostic In one of the patients in the 
present series the skull changes of Paget’s disease weie foi a time mistaken 
for metastases 

These resources wall enable the expeiienced i oentgenologist to make a 
definite diagnosis of metastases m the great majority of women with bieast 
carcinoma accompanied by bone lesions In cases in wdiich vague bone 
lesions def}^ exact diagnosis even after careful stereoscopic study, and in 
w'hich there is no clinical evidence to tip the balance of opinion, it has been 
our custom to assume that they do not represent metastases and to pioceed 
ivith operation This practice has not, to our knowdedge, led us into the 
erior of undertaking radical mastectomy upon inoperable cases 

But even wdien roentgenologic studies aie negative, the piesumptive diag- 
nosis of bone metastasis can be made fiom the histoiy alone in ceitam 
cases This is particularly true of metastases to the thoracic and lunibai 
spine The pain that most of these unfortunate patients develop is lathei 
characteristic They often describe its earliest manifestation as ‘‘stiffness" 
of the back After a few^ w'eeks this becomes definite pain, wdiich develops 
after exercise such as Avalking or standing up foi long periods of time The 
pam becomes steadily worse, limiting the patient’s activity greatly When 
she sits quietly, or lies m bed, she is peifectly comfortable, but getting up 
from a chair or out of bed becomes tortuie The pam is usually centered 
in the back, but may radiate dowm eithei leg It is markedly accentuated bj' 
jolting, as when the patient misses a step and comes dowm hard on one foot, 
01 wdien the vehicle in wdiich she is riding strikes a sharp bump We have 
lepeatedly made a presumptive diagnosis of metastasis to the spine in patients 
with this kind of a story w^hose roentgenograms w^eie negative, and ha^e 
withheld radical mastectomy Radiotherapy is begun at once, and if the 
pam is relieved after an appiopnate interval the response piovides con- 
firmation of the diagnosis Further roentgenologic studies at monthly inter- 
vals will eventually provide proof of the presence of metastases 

The interval between the onset of pam and the roentgenologic demon- 
stration of bone metastases from breast carcinoma is sometimes remarkabh 
long Lenz and Fned^” reported a series of cases of this kind m one, 12 
full months elapsed before the spinal metastases were identified roentgeno- 
graphically The explanation for this long dela} is found in tiie studies 
made by Chasm He found that m vertebrae, defects of from r to i 5 cm 
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diametei made by removing the spongiosa, could not be demonstrated by the 
usual anteroposterior roentgenogram Even when practically the entire 
spongiosa was removed, leaving only the cortex and the superior and inferioi 
plates of the vertebra intact, he was unable to demonstrate the defect 
by films taken anteroposteriorly These findings were corroborated by 
Bohmig and Prevot^' who were unable to demonstrate artificial defects the- 
size of a cherry in the vertebrae b}'^ means of roentgenograms We must, 
therefore, assume that when spinal metastases of breast carcinoma finally 
become apparent roentgenographically, the disease has already destroyed 
a great part of the stiucture of the vertebrae 

In the series of cases of breast carcinoma which we are here reporting, 
distant metastases were demonstrated on admission to the hospital in a 
total of 85, that is, in 9 7 per cent In seven of these 85 patients radical 
mastectomy was, nevertheless, carried out The situation of the distant 
metastases m these seven patients is detailed in Table XIX 

I 

Table XIX 

SITUATION OF DISTANT METASTASES DEMONSTRATED PREOPER ATIVEL\ IN SEVEN PATIENTS TREATED B\ RADICAL 

MASTECTOMV 


A — In lymph node of contralateral axilla as proved by biopsy 1 

B — In ovary, as indicated by the presence of a large lower abdominal tu mor 1 

C — In the liver as indicated by liver erllargement 1 

D — In the spine as indicated roentgenologically 4 


The reason for operating is not apparent from the records of some of these 
cases In others, the operator chose to ignore thp evidence of the presence 
of metastases on the basis of the philosophy of “giving the patient her one 
chance of cure, remote though it might be ” The fallacy of this kind of 
thinking, of course, is that the patient in truth has no chance whatever ot 
cure when the evidence of metastasis is definite None of the seven patients 
listed above was cured 

It IS our own practice to classify patients in which there is presumptive 
evidence of the presence of distant metastases as categorically inopeiablc 
We treat them exclusively with radiation 

A RULE FOR JUDGING OPERABILITY 

When our data regarding the results of radical mastectomy in the 
different groups of cases with the various clinical features which we have 
detailed above are combined into Master Tables, a rule for operability can be 
derived from them The first Master Table includes only the groups of 
cases in which there were virtually no five-year clinical cures — the groups 
which we have classified as categoiically inopeiable These are combined 
m Table XX 

The groups of cases in Table XX are not mutually exclusive They 
total 74 cases, with a local recurience rate of 486 per cent, and no per- 
manent cures Faced wnth these facts it is impossible to escape the conclusion 
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Tmhi XK 


RFSUITSO! KAniCAl MASH CIOMA IN CAT! CORICAU \ INOPCRABLL GROUPS OF CASLS 



No of 

S-Year Local Recurrence 

S-Year Clinical Cures 

Clinical Group 

Cases 

No 

Per Cent 

No Per Cent 

Carcinoma de\ eloping during pregnanc% or 
tation 

lac- 

20 

6 

30 0% 

I (Recurrence after 

E\tensi\ e edema of skin o\ er breast 

41 

27 

65 9% 

6 vrs ) 

None 

Satellite nodules in skin o\ er breast 

7 

4 

57 1% 

None 

Intercostal or parasternal nodules 

1 

0 


None 

Edema of the arm 

3 

2 

66 7% 

None 

Pro\ ed suprac]a% icular metastases 

12 

7 

58 3% 

None 

Inflammatorj tj pe of carcinoma 

20 

10 

50 0% 

None 

Distant metastases 

7 

1 

14 3% 

None 

Total 

74 

36 

48 6% 

1 (Recurrence alter 

that cases of this kind should 

not be 

operated 

upon 

6 \rs ) 

They are truh 


categoucally inopoahle 

There remain several clinical factors indicative of the local extent of 
the disease regarding which our data are not as conclusive, particularly when 
these factors aie consideied individual!)'’ These data are combined m Table 
XXI The groups of cases are small, but it should be kept in mind that they 
include only the cases m which the- pai ticular clinical sign m question was 
the only giave sign piesent, moreovei, the categoucally mopeiahle cases 
have been excluded 


Table XXI 

RI SUITS or RADICAI MASTFCTOMA IN GROUPS OF CASES EACH FEATURED BT A SINGI F Cl INICAI SIGN INDICATIVE 

OF THE LOCAL EXTENT OF THE DISEASE 


(Calegoncally Inoperable Cases Excluded) 



No of 

S-Year Local Recurrence 5- 

Year 

Clinical Cures 

Clinical Signs 

Cases 

No 

Per Cent 

No 

Per Cent 

1- single tumor 10 cm or more, in diameter 

12 

2 

16 7% 

3 

25 0% 

2 Multiple tumors in one breast 

9 

3 

33 3% 

4 

44 4% 

3 ^Redness of the skin 

23 

6 

26 1% 

8 

34 8% 

^ — Skin involvement 

21 

6 

28 6% 

6 

28 6% 

5 — ^Ulceration 

9 

1 

n 1% 

2 

22 2% 

6 ^Edema of limited extent 

32 

13 

40 6% 

4 

12 5% 

^ Fixation of tumor to chest wall 
® ^Axillary lymph nodes 2 5 cm or more in 

18 

7 

38 9% 

2 

11 1% 

diameter proved to contain metastases 
^ Fixed axillary nodes proved to contain metas- 

10 

2 

20 0% 

2 

20 0% 

tases 

7 

1 

14 3% 

1 

14 3% 

From Table XXI it is apparent that the presence of any 

Single one of 


these various clinical signs of the local extent of the breast carcinoma is 
not a sufficient contraindication to radical mastectomy^ The cure rate 
lather lower, however, in the last five groups of cases in Table XXI than 
in the first four groups This fact led us to test out m our data the prog- 
nostic significance of the presence of combinations of the various individual 
clinical signs wuth one or more of these five relatively unfavorable clinical 
factors, namely, ulceration, edema of limited extent, fixation of the tumor 
to the chest w'all, axillaiy lymph nodes 2 5 cm or more in diameter, proved 
to contain metastases, and fixed axillary lymph nodes, proved to contain 
metastases Table XXIT shows the results of radical mastectoni) m cases 

1047 



HAAGENSEN AND STOUT 


Annals of Surgery 
December 19 4 3 


With these combinations of clinical signs Here again, the categoucally 
tnopeiable cases have been excluded, as have been the cases listed in Tab’e 
XXI in which the various clinical signs occurred singly 

Table XXII 


RESULTS OF RADICAL MASTECTOMY IN GROUPS OF CASES EACH FEATURED BY A COMBINATION OF SIGNS INDICATIVE 

OF THE LOCAL EXTENT OF THE DISEASE 

(Categoncally Inoperable Cases Excluded) 



No of 

5- Year Local 

Recurrence 

5-Year 

Clinical Cures 

Clinical Group 

Cases 

No 

Per Cent 

No 

Per Cent 

1 — 10 cm tumor wtlhS 6,7 8, or 9 

7 

2 

28 6% 

1 

14 3% 

2 — Multiple tumors with 5 6, 7 8 or 9 

3 

1 

33 3% 

0 


3 — Redness of sWin with S 6 7 8 or 9 

30 

13 

43 3% 

6 

26 4% 

4 — Skin involvement with 5, 6 7, 8, or 9 

44 

11 

25 0% 

8 

18 2% 

5 — Ulceration with 6 7 8 or 9 

14 

4 

28 6% 

1 

7 1% 

6 — Edema of limited extent with 5, 7,8 or 9 

17 

12 

70 6% 

0 


7 — Fixation of tumor, with 5 6, 8 or 9 

8 — 2 S cm axillary lymph nodes proved metatases 

24 

9 

37 5% 

2 

8 3% 

with S, 6 7, or 9 

9 — Fixed axillary lymph nodes proved metastases 

13 

8 

61 S% 

1 

7 7% 

with 5 6, 7, or 8 

14 

7 

50 0% 

0 



These data regarding the significance of combinations of clinical signs 
aie of little or no value m Groups i and 2, because the numbers of cases 
are too small In Groups 3 and 4 the cure rate is certainly high enough 
to justify radical mastectomy In the last five groups of cases m Tab^e 
XXII, however, the cure late is so low that we doubt that operation was 
worth while These groups of cases are not mutually exclusive, but the 
total number of cases falling into Groups 5, 6, 7, 8 and 9 is 35 The disease 
recurred locally before the end of five years m 16, 01 45 7 per cent of these, 
and only two patients or 5 7 per cent, were well five years after operation 
Both of them later developed local lecurrence and died 

From these corielations we have drawn up a rule for judging operability 
in breast carcinoma as follows Women of all age-gioups, who aie m good 
enough geneial condition to urn the usk of majoi singeiy, should be tieatcd 
by ladical mastectomy, except as follows 

1 When The cai cinoma is one w Inch developed during pregnancy or 
lactation 

2 When extensive edema of the skin over the breast is present 

3 When satellite nodules are present in the skin over the breast 

4 When mtei costal or pai asternal tumor nodules are present 

5 When there is edema of the aim 

6 When proved supraclavicular metastases are present 

7 When the carcinoma is the inflammatory type 

8 When distant metastases are demonstrated 

9 When any two, or more, of the following signs of locally advanced 
carcinoma are present 

(a) Ulceration of the skin 

(b) Edema of the skin of limited extent (less than one-third of the 
skin over the breast involved) 

1048 



volume iis CARCINOMA OF THE BREAST 

(c) Fixation of the tiimOi to the chest wall 

(d) Axillaiy lymph nodes measuimg 25 cm, or more, in transveise 
diametei , and pi oved to contain metastases by biopsy 

(e) Fixation of axillaiy hmph nodes to the skin or the deep striic- 
tuies of the axilla, and pi oved to contain metastases by biopsy 

Ij these oiteua had actually been follozved m judging opei ability w 
the senes of 640 ladical mastectomies zohich zve have reported, a total 
of 109 of the patients zvould not have been operated upon Yet the numbei 
of patients pci manently ciiied zvould not have been deci eased by a single one 
These facts aie shovn in Table XXIII 

Table XXIII 

HAAGENSEN-STOUT CRITERIA OF OPERABILITY 
APPI iro TO PRrsn\TERIAN HOSPITAL SERIES OF RADICAL MASTECTOMIES 

(1915-1934) 

5-Year Local 5-Year Clinical 




No of 

Recurrence 


Cures 

Permanent 

Group 


Cases 

No 

Per Cent 

No 

Per Cent 

Cures 

Cases in which radical mastectomy 
actually performed (1915-1934) 

wixs 

640 

161 

25 2% 

231 

36 1% 

Many still well 

Cases wrhich wre now' would classip 
inoperable 

as 

109 

53 

47 7% 

3 

2 8% 

None 

Cases which we now Tvould classifj 
operable 

as 

531 

109 

20 5% 

228 

42 9% 

Many still welj 


In the gioup of 109 cases which we would now, according to our lule 
for operability, classify as inoperable, there were three that remained well 
at the end of five years after opeiatioii All three, shortly thereaftei, developed 
local recinience, with distant metastases, and died Summaries of these 
cases follow 

Case I — Hosp No 64106 M W , colored, age 38 The tumor developed whiR 
she was nursing her first baby It \\as 25 cm in diameter, and situated m the upper 
outer sector of the breast No local signs of inoperability Radical mastectomy, one 
axillary node found to be involved She was well at the end of five years, but, at six 
years, local intercostal recurrence and pulmonary metastases developed She died 
seven and one-half years after operation 

Case 2 —Hosp No 281668 L P , age 43 Large, 14 x 12 x 8 cm , tumor filling 
the breast and fixed to the chest wall Hard axillary nodes, more than 2 5 cm in traiis- 
verse diameter Radical mastectomy , all nodes found to be involved Well at ..he 
end of five years, but, ten months latei, local recurrence appeared on the chest and m 
the axilla Cervical metastases subsequently appeared, and she died eight years after 
operation 

Case 3— Hosp No 302431 M B, age 59 The tumor measured 5 -x 4 cm 
and was situated in the upper inner sector of the breast It had ulcerated through 
the skin, and was solidly fixed to the chest wall Radical mastectomj , tuo axillar„ 
nodes involved Well at the end of five years, but local recurrence on the chest wall 
and pulmonary metastases at the end of seven Tears Died se\cn and one-half Tears 
after operation 

While ladical mastectomy m this group of cases ttIucIi we toda\ classiu 
as inopeiable may, m raie instances relieve the patient of CTidence of her 
disease foi as long as five or six >ears, there is another aspect of the 
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therapeutic problem which must not be lost sight of It is the fact that 
the carrying out of a radical mastectomy m cases in which the carcinoma can 
not be wholly removed locally actually shoitens the patient’s life in the 
majority of instances From our knowledge of the problem of the surgical 
attack upon cancer in general we, of course, know that any attempt at 
radical dissection which cuts through cancer tissue is futile The cancer 
cells are disseminated throughout the wound and there is the possibility of 
their entering the blood stream as cancer emboli Ordinarily, operations of 
this kind are followed b)'^ prompt local recuirence and by the development 
of distant metastases We have repeatedly seen widespread distant metastases 
appear within a few months after radical mastectomy performed upon 
patients in whom the disease was locally entirely inoperable, quite as if the 
operator had produced a shower of cancer emboli 

The data as to length of survival in our series of cases (Table XXIV) 
substantiate this objection to the performance of radical mastectomy in 
inoperable cases We have used as a basis for our comparison the data 
collected by Lazarus-Barlow and Leeming,^® and by Daland,^® as to the 
mean survival of patients with untreated mammary carcinoma 

Table XXIV 

MEAN TOTAL DURATION OF BREAST CARCINOMA — ONSET TO DEATH — IN VARIOUS GROUPS OF CASES 

A — Daland s series of 100 untreated cases 40 S months 

B — Lazarus Barlow s senes of 243 untreated cases 38 4 months 

C — 118 Presbyterian Hospital cases (191S-1934 series) regarded as inoperable and denied 

surgery and radiation 42 3 months 

D — 31 Presbyterian Hospital cases (1915-1934 series) regarded as inoperable and treated bj 

simple mastectomy 38 0 months 

E — 104 Presbyterian Hospital cases (1915 1934 series) regarded as operable and treated by 
radical mastectomy but now classified as inoperable according to Haagensen Stout 
criteria 32 3 month 

These data suggest that the performance of radical mastectomy in cases 
in which the disease is locally so far advanced that cure can not be obtained 
shortens the patient’s expectation of life by about ten months Simple mas- 
tectomy may also shorten life somewhat In these days, when radiation iS 
available almost everywhere, we feel that, in general, it is the preferable 
method of palliation in these incurable cases When the local disease is not 
checked by radiation and threatens to become an objectionable fungating tumor, 
and primary closure of the wound through grossly uninvolved tissue is 
technically possible, simple mastectomy is sometimes useful But, in general, 
the less surgery that is undertaken upon the patients with incurable disease 
the longer they will survive 

As we emphasized at the beginning of this paper, the decision as to 
incurability, or rather inoperabilitv, of breast carcinoma is difficult We 
have suggested a rule for deciding the question, but we do not regard it 
as a definitive solution We hope that other surgeons will test the validity 
of our criteria of operability upon their own series of cases, and by the use 
of statistical methods such as we have employed add to the knowledge 
of the problem 
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War, the gieatest single agent lesponsible foi amputation, mvaiiabl) 
stimulates mteiest in and a study of the i^ioblem of painful amputation 
neuioma The vaiious hypotheses advanced to account for the pain which 
occurs m a small percentage of these neuromas include Inflammation and 
ascending neuiitis, sti angulation of the neuiaxes in conti acting scar, fixation 
of nerve ends in muscle, and lepeated trauma ' Tieatment has been signally 
unsatisfactory, hence attention has been diiected towaid prevention of the 
neuioma or at least a minimization of its size and vulnerability That such 
effoits have not been entirely successful is shown by the legion of suggested 
approaches to the pi oblem 

Piobably the oldest preventive method, one still commonly lecommended. 
consists of pulling down the nerve as far as it will conveniently sti etch, cutting 
it with a shaip scalpel and allowing the proximal end to retract into the 
areolai tissue well above the end of the stump Baidenheuer^ (1908) 
modified this method by turning the cut end of the nerve back and implanting 
It beneath the sheath of the same nerve higher up, forming a loop Kruger''’ 
(1916) meiely crushed the neive m forceps Sicaid*’ (1916) felt that sensory 
fibers only would be destroyed by 60 per cent alcohol and lecommended its 
use Chappie’’^ (ipi?) turned back an epineurial cuff several millimeters in 
width, cut off the neuraxes and pulled down the cuflf, tying it below the cut 
ends Moscowicz® (1918) inserted the end of the nerve into muscle Corner'' 
(1918) excised an inverted wedge to form a "swinging door flap,” the edges 
of which weie sutuied togethei HediT® (1920) used the cautery to seal the 
end of the nerve and pi event the iiritating effect of secretions from the wound 
Hubei and Lewis''^ (1920) tied off the nerve and injected about one cubic 
centimeter of absolute alcohol from one to three centimeters above the site of 
the ligature Stookey (1922) recommended a combination of Corner’s swing- 
ing door flap and the injection of absolute alcohol La wen'- (1925) used 
refrigeration Foerster''’ (1927) injected 5 pei cent foimalin into the central 
stump Beswerschenko'^ (1929) lecommended Fedei off’s method of phenoli- 
zation of the end of the neive and the injection of liquid phenol into the stumo 
above the cut end Lexer'**’ (1931) tiied decti ocoagulation 

In leviewing this airay of theiapeutic proposals, it seemed noteworthy 
^ L the procedure of inseitmg the end of the cut neive into the bone, invari- 
ably adjacent in amputations, had appaientl)’’ not been tiied by any of these 

* Read before the American Academy of Neurological Surgerj , Chicago, 111 Octo- 
ber, 1942 ’ 

Received for publication September 3, 1943 
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authors LeiMS^^ saw one instance of a divided nerve in which the ends had 
been driven into the bone— no neuroma was formed, and he behe\ ed that the 
surrounding bone prevented the foi mation of a bulb Other relevant comment 
was not found in the hteratuie Craig and Walker^^ ( 1942) ohseued a situa- 


Dipill holeH 




tion similar to that noted by Lewis, m the arm of a patient wounded tn the 
current war 

With these points in mind an experimental approacli to the problem was 
. begun in April 1042 It was decided to mseit the ulnar uerNO mt.. a hole m 
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the distal portion of the humerus in dogs, and To observe the resulting amputa- 
tion neuroma after the elapse of approximately 250 to 300 days — a figure 
chosen arbiti arily 

Six lar-ge dogs were used In each, the right ulnar nerve was exposed just 
over the distal end of the humei us A hole large enough to contain the nerve 
was drilled into the cancellous bone above the joint and the nerve was cut 
and inserted into the opening, being held m place by fine cotton sutures placed 
between the peiiosteum and the perineurium Feaiing that the nerve might 
pull out — a fear substantiated later in two cases — a minor change was made m 
the last two expeiiments A second, smaller hole was drilled into the bone 
below the first at an angle such that the two connected at the bottom of the 



liG 4 — Photomicrograph of amputation neuroma 318 days after operation The nerve had 
pulled out of its Ultra osseous position (x 6) 


cavity of the larger hole A suture was then passed through the perineurium 
and threaded through the tw^o holes m the bone so that, by pulling on the 
suture, the cut end of the nerve w’^as draivn into the depth of the opening and 
could be held there by attaching this sutui« snugly to the periosteum about the 
smaller hole As in the earlier animals, stay-sutures between the periosteum 
of the larger hole and the adjacent perineurium w’^ere also used (Fig i) 

The first dog on which this last technic was used w^as killed after only 
133 days Sections parallel with the long axis of the bone showed the 
neuroma to be small and completelv beneath the cortex of the bone (Fig 2 ) 
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The remaining animals were killed in from 262 to 318 days The other 
dog upon which the modified technic was used had a small neuroma, com- 
pletely subcortical, after 299 days (Fig 3) Two dogs m which the single- 
hole technic was used had only small neuromas, though somewhat larger than 
the one just mentioned In one of these, after 276 days, the neroma had 
burrowed deep into the bony tissue Apparently a deeper cavity had been 
made in this instance In a dog kept for 262 days, a cyst had replaced the 
distal one-third of the neuroma 

The two dogs in which the ulnar nerve had pulled out served as admirable 
controls These were the first ta be operated upon and their time of survival 
was slightly longei — 318 and 314 daji’s In these two instances the neuromas 
■were from two to four times the size of the buried neuromas (Fig 4) 

During the course of this study the method was employed by Dr K O 
Haldeman and Dr Helen Hagey, of the Department of Oi thopedics, in a case 
in which amputation was performed through the humerus because of a distally 
located malignant tumoi After five months there was no demonstiable 
neuroma in any of the nerves The method has been used since in amputations 
carried out on the Umveisity of California Surgical Seivice at the San Fian- 
cisco Hospital, thus far with no reported unsatisfactory results 

At present, studies are being made of the implantation of nerves into the 
fatty marrow and of combining the implantation of the neive into bone with 
the injection of sclerosing agents to reduce further in size the ends of the cut 
nerves 

Statements concerning the value of implantation of the cut end of a nerve 
into bone for the pievention of painful amputation neuroma cannot be made 
at the present time It can be concluded, however, that the method described 
IS practicable, that the resulting neuroma will be small and that it will be 
protected from traumatic and toxic influences On this basis further use of 
the method seems to be indicated 
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The use of gelatin as a colloid for intravenous injection in the treatment 
of shock in man was first advocated by Hogan m 1915, who reported bene- 
ficial effects in six patients Each received a single injection of 500 to 
750 cc of what appeared to be approximately an ii per cent solution 
in saline Subsequently there was little interest m its use judging from 
the paucity of reports in the literature However, Amberson states that 
Hogan’s report was the first attempt to use a colloid clinically for infusion 
work and deserves lecognition on that account since it stimulated Hurwitz 
(1917) and others to experiment with gum acacia In 1937, Amberson, in 
a review of the question of blcod substitutes stated “The use of the latter 
(gelatin) can no longer be recommended,” inferring the superiority of 
gum acacia 

Because of the recent great interest in blood substitutes and also 
parenteral nitrogenous nutrition, the question of intravenous gelatin was 
again studied The immediate purpose of the investigation was to determine 
whether or not gelatin injected intravenously may be well tolerated by 
man, especially if repeated injections are made, and also to determine if 
gelatin remains inert m the organism or can be metabolized Studies on 
the possible nutritive \alue of intravenous gelatin in man have not been 
previously recorded 

The gelatin (pig skin in origin) employed was designated as “Sample 9,” 
and was received from the manufacturer as a light brown powder This 
was dissolved in distilled water to afford a 10 per cent solution and heated 
for 36 hours at 95° C (water bath) During heating the p-^ of the solution 
i\as 45 and upon cooling the pn ivas adjusted to 75-76 with NaOH, 
following filtration Autoclaving, at 115° C and 15 pounds pressure 
icas then carried out for 15 minutes for sterilization After this step a 
precipitate formed and was removed by filtration A second autoclaving 
was carried out and if the solution remained clear it was used for injections 
If a precipitate formed again, this was removed by filtration and the solu- 
tion autoclaved again The initial prolonged heating reduced the viscosity 
of the solutions and lowered the gelling point Heating also results in 
the breaking up of large gelatin molecules into molecules of smaller size 
Evidence of this was afforded by the observations that the ammonia N/ was 

*This study was earned out under a grant from the Edible Gelatin Manufacturers 
Research Society 
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o8 per cent of total N/ m the gelatm before the 36-hour heating peiiod 
and at the end of this period it was i 4 per cent of the total N Ammo-N/ 
rose from i 5 per cent of total N/ to 5 per cent of total N/ after heating 

ANIMAL EXPERIMENTS 

Preliminary obseivations as to the possible nutritive value of intiavenous 
gelatm were made upon dogs maintained on a low protein diet (“Weech 
diet” — I 3 Gm N pei 1200 caloric equivalent) After an initial period of 
obsen'-ation, during which urinary nitrogen excretion and nitrogen intake 
were recorded (nitrogen balance studies), daily injections of 150 to 250 
cc of 10 per cent gelatin solution were earned out for several days, this 
was followed by a peiiod of observation without gelatin injections The 
data are summarized 111 Table I 


Table I 


nitrogen balance studies in dogs receiving low protein diet and GLLAim INTRAVLNOUSLT 






A\ Daily N 


Av Daily 

Datlv 




Av DailvN 

Intrav 

Av Dally N 

Urea N 

Nitrogen 




■per os 

Gelatin 

Loss 

Excretion 

Balance 


Period 

Days 

Gm 

Gm 

Gm 

Gm 

Gm 

Dog 450 

I 

3 

95 

0 

I 31 

1 02 

— 36 

Wt 10 Kg 

II 

11 

1 30 

3 80 

3 83 

I 29 

+ 1 27 


III 

14 

I 30 

0 

1 10 

47 

+ 2 

Dog 463 

I 

4 

1 3 

0 

1 24 

71 

+ 06 

Wt 8 3 Kg 

II 

12 

83 

3 05 

2 00 

75 

+ 1 86 


III 

15 

87 

0 

46 

25 

4- 41 

Dog 447 

I 

2 

1 0 

0 

1 21 

90 

— 21 

Wt 7 4Kg 

11 

10 

61 

2 60 

2 60 

1 05 

+ 61 


III 

9 

1 03 

0 

80 

U 

+ 23 

Dog 449 

I 

3 

82 

0 

875 

52 

— 06 

Wt 6 5 Kg 

II 

7 

1 05 

2 67 

2 76 

75 

+• 6 


111 

3 

0 

0 

2 67 

S2 

—2 67 


In Dogs 450, 463 and 447 injections of gelatin peimitted of positive 
nitrogen balance This, or a nitrogen equilibiium, was maintained aftei 
cessation of gelatin iniections, suggesting that all injected gelatm / was not 
immediately excreted during the injection periods It is also to be noted that 
urea excietion was elevated slightly duiing the period of gelatin mject’ons, 
and this, in the presence of a positive nitrogen balance and increased nitrogen 
intake (the increase being due mainlv to gelatin), suggests that at least 
some of the gelatm was catabolized Dog 449 refused to eat after the 
seven-day period of gelatin injections The elevated total nitrogen excretion 
persisted after cessation of injections resulting in marked negative nitrogen 
balance, the nitrogen loss being in excess of the net nitrogen gain during 
the preceding period Similar observations weie noted m two other dogs 
These findings are somewhat analagous to the observations of Elman that 
while nitrogen is injected as plasma in dogs, a positive nitrogen balance 
may obtain but that during the period subsequent to cessation of injections 
a negative nitrogen balance obtained which ivas approximate!) equivalent 
to the net nitrogen gam during the peiiods of plasma infusions The cause 
for the above differences may be associated noth several factors that depend 
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upon the general state of the animal If the dogs refused to eat following 
the gelatin injections, the maiked negative nitrogen balance obtained 
When they did consume by mouth approximately what they did prior to 
the periods of gelatin injections, the net nitrogen gain resulting from these 
injections was maintained Possibly the ingestion of amino-acids by mouth 
with the food protein — essential amino-acids that were not present in the 
gelatin (wJuch is an incomplete piotein) — is of major importance in facili- 
tating the metabolism of gelatin injected b\ vein Studies on the variations 
of plasma pioteins in depleted dogs receiving gelatin were also carried 
out but wall not be repoited here since methods for differentiation of cir- 
culating injected gelatin and blood plasma proteins have not as yet proved 
satisfactory in the wnteis’ experience 


OBSERVATIONS IN MAN 

Tiial intravenous injections of several cubic centimeters of the lo per 
cent gelatin solution in patients piovoked no reactions Larger amounts 
were injected m a number of patients and no reactions observed except 
in one patient wJio also exhibited chills and a moderate rise m temperature 
following injection of pooled human plasma Patients presenting carcino- 
matosis w^ere then placed on nitrogen balance legimen and gelatin (150 
to 250 cc of 10 pel cent aqueous solution) injected for three to tw’^elve 
days consecutively No reactions were observed In some instances a second 
series of injections w'as made ten to fourteen days after cessation of the 
first series and no hypei sensitivity was noted In general, the injections 
appeared to be as well tolerated as saline infusions The nitrogen balance 
studies in six patients are summarized in Table II 


Table II 


MTFOerN FAI/>CE SILDIFS IN PATIENTS PFCFI^I^G CEIATIN INTPA\ ENOUSLT 





Ay Daily 

N Intake 
by Mouth 

Ay Daily 

N Injected 
as Gelatin 

Ay Daily 
Total N 
Excretion 

Ay Daily 
Urea N 
Excretion 

Ay Daily' 
N Balance 

! atient Fencd 

Days 

Cm 

Cm 

Cm 

Gm 

Gm 

IGF & 

I 

2 

13 52 

0 

5 68 

4 11 


52 yeart, 

II 

4 

12 00 

3 00 

7 38 

4 16 


(carcinomatosis) 

III 

7 

11 74 

0 

6 76 

S 17 


II C J rf' 

I 

5 

16 64 

0 

8 43 

5 4 


34 years 

II 

5 

IS 00 

3 00 

12 00 

7 58 


(small bowel 
fistula) 

III 

3 

13 00 

0 

9 00 

6 85 


III H H 9 

I 

4 

7 90 

0 

6 44 

4 26 

+ 1 46 

42 years 

II 

4 

6 90 

2 27 

9 00 

4 92 

+ 17 

(carcinomatosis) 

III 

8 

6 76 

0 

6 54 

5 22 

+ 22 

IV B F 9 

I 

7 

6 00 

0 

4 57 

3 44 

+1 45 

54 y ears 

II 

10 

3 60 

2 2 

4 60 

3 87 

+ 1 20 

(carcinomatosis) 

III 

10 

4 40 

0 

3 14 

2 10 

+1 26 

V C J o' 

I 

2 

0 

0 

3 76 

1 42 

—3 76 

34 y ears 

II 

3 

0 

4 34 

7 72 

2 73 

— 2 38 


III 

4 

0 

0 

5 55 

2 65 

—5 55 

VI R L 9 

I 

4 

7 76 

0 

4 84 

3 84 

+2 92 

32 years 

II 

3 

7 41 

3 10 

6 16 

2 75 

+4 35 

(carcinomatosis) III 

'3 

7 57 

0 
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INTRAVENOUS GELATIN 


In Patient I, who had had a total gastiectomy for caicinoina and was 
in an advanced stage of carcinomatosis, a substantial portion of the stools was 
lost, hence no attempt is made to i ecoid nitrogen balance He w'as given a \ ei) 
high caloric high protein diet The total iiiinaiy excietion of mtiogen 
increased dm mg the pei lod of gelatin injections The m ea nitrogen inci eased 
dining the subsequent peiiod of observation, while the total uiinaiy mtiogen 
decreased This would suggest letention of some gelatin foi a peiiod. 
with delayed catabolism of it 

Patient II piesented a small bow^el fistula and, hence, wdiile on a high 
caloric high protein diet it was not piacticable to collect and analyze stools 
Total urinary mtiogen inci eased during the injection peiiod The uiea 
N w^as elevated during this period and decreased dm mg the peiiod sub- 
sequent to injection although it remained substantially above the level 
of the first period even though intake of N by mouth w^as greatei during 
the first period Heie, again, it is suggested that at least some of the 
gelatin w’^as catabolized 

Patient III w^as in positive nitrogen balance prior to injection of gelatin 
When the latter was carried out in addition to the nitrogen ingested by 
mouth, the total nitrogen intake being increased, nitrogen equilibi lum obtained 
After gelatin injections ceased but nitrogen by mouth remained about the 
same, nitrogen equilibrium w^as maintained although urea nitrogen excretion 
increased Again, the evidence suggests catabolism of gelatin 

In Patient IV total nitrogen intake during Period II w^as equal to the 
nitrogen intake during Period I, although during Period II 38 per cent of 
the nitrogen intake was m the form of intravenous gelatin Urea N 
excretion during the second period w'^as elevated, positive nitrogen balance 
w^as also practically as great as during the first period During Peiiod III 
the positive nitrogen balance was maintained Total N and uiea N excie- 
tion fell, due to decreased total N intake In this patient mtiavenous gelatin 
appears to have effectively substituted for some of the protein taken by mouth 

In Patient V no food was taken by mouth, and he received nitrogen 
only as intravenous gelatin The net nitrogen loss w^as less during the 
injection period than before or aftei injections The urea N excretion 
increased dm mg the injection period and remained elevated during Period III 
aftei injections ceased This inci eased urea N excretion during and after 
the injection peiiod could hardly be accounted foi on aiw other basis than 
catabolism of the injected gelatin 

Patient VI ingested by mouth a constant amount of protein during the 
tliiee obseivation periods When additional nitrogen 111 the form of intia- 
venous gelatin w^as given, the total N excietion increased but not suf- 
ficiently to pi event increased positive mtiogen balance which increase 
persisted duiing the peiiod following gelatin injections The urea X 
excretion did not increase in Periods II and III, thus tins patient proiides 
an exception, in this respect, compared with those cited above The in- 
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crease in positive nitrogen balance suggests that there was increased storage 
of N under the conditions of the experiment (In some dogs, not reported 
above, gelatin injections were also followed by periods of reduced urea N 
excretion, the explanation for these exceptional instances is not clear ) 

Discussion — Gelatin is an incomplete protein, m that all essential ammo- 
acids are not present Therefore, alone, it cannot be expected to afford an 
effecient source of nitrogenous substances for protein synthesis That 
gelatin is well tolerated when injected intravenously has again been demon- 
stiated in man This tolerance extends to repeated daily injections and a 
hypersensitivity does not develop Evidence was observed to suggest that 
gelatin injected intravenousl) is not inert but that at least part of it is 

catabohzed, since increased urea N excretion usually obtains when such 

injections are made In the absence of elevated temperature and where 
ingestion of N as food protein is more or less constant, the increased urea 
N excretion which signifies inci eased protein catabolism could hardly have 

lesulted from othei sources than the injected gelatin One alternate pos- 

sibility IS that gelatin stimulates catabolism of body protein stores and 
thus the increased urea Ni was not from gelatin itself This explanation, 
however, would presuppose substitution of gelatin molecules for body 
protein molecules, since positive nitrogen balances obtained in the above 
experiments Such an explanation would seem to be farfetched A portion 
of the gelatin injected mtiavenously is excreted in the urine unchanged, and 
possibly some of the molecules may be retained, foi a period at least, 
unchanged within the body, thus complete catabolism of a given quantity 
of gelatin injected intravenously does not obtain (Brunschwig, Scott 
Corbin and Moe) 

It would appear, therefore, that nitrogen may be introduced intravenously 
with comparative safety into the organism, in the form of incomplete protein 
molecules — gelatin Since the latter does not include all essential ammo-acids 
gelatin alone is an inadequate source of nitrogen foi nutritional purposes 
The fact that it is a colloid, however, and is not inert but is at least partially 
catabohzed by the organism suggests possibilities for further investigation 
of gelatin as a parenteral nitrogenous nutriment when the missing essential 
amino-acids may be added either parenterally or pei os 

In conclusion mention may be made of the fact that gelatins vary widely 
in character depending upon the source and methods of manufacture In 
a study such as reported above^ the results cannot be applied a pnori to all 
types of gelatin 


CONCLUSIONS 

1 Some types of gelatin, injected intravenously in human patients, are 
veil tolerated 

2 Evidence is presented to suggest that some of the gelatin injected 
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intravenously is catabolized, m that there is an increase in iiiea N excretion 
during and/or following the injections in man 

3 Intravenous injection of gelatin appears to constitute a method for 
administration of nitrogen that might be utilized for nutrition Gelatin as 
an intravenous mtiogenous nutriment has the same disadvantages as gelatin 
pel os, m that it is an incomplete protein as it does not include all essential 
ammo-acids It cannot, therefore, be anticipated that nitrogen lequirements 
for nutrition may be met by mtiavenous gelatin as the sole souice of nitrogen 
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THE SURGICAL TREATMENT OF MALIGNANT LYMPHOMA 
Maior Ebward a Gat.r, M C , A U S 

POST MEDICAI DIVISION 

Camp McCoy, Wisconsix 

PROM THE DEPARTMENT or PATH0L0G\ AND II XCTPRIOI Orv MASSACHUSETTS PI NPR^I HOSPIT M BOSTON MASS 

It has becoml increasiagly evident that the gloomy outlook held foi 
individuals suffering from malignant lymphoma must be modified in certain 
instances’^ In an eaiher study^’- it was shown that attention to cytologic 
detail peimitted a division of these cases into subgroups on the basis of 
which a considerable lange of prognosis could be given Within each of 
these subgroups a majorit}^ of the patients followed a predictable course 
A certain number, howevei, outlived then fellows to a remarkable degree, 
m fact some appeared to have been freed of then disease Among these were 
many who instead of receiving the usual roentgenotherapy had at the outset 
been subjected to radical operative procedures 

The present study is concerned with forty-eight such cases which have 
in common the fact that all grossly perceptible evidence of lymphoma was 
surgically eradicated at an early operation 

In accordance with the iiomenclatui e utilized in previous studies,’’ ^ 
these cases have been classified into the following seven groups Stem cell 
lymphoma, clasmatocytic lymphoma, lymphoblastic lymphoma, lymphocytic 
lymphoma, Hodgkin’s lymphoma, Hodgkin’s sarcoma, and follicular lym- 
phoma For the details of this classification the reader is refeired to the 
articles cited above Foi purposes of comparison with other systems of 
nomenclature it may be said that the stem cell and clasmatocytic groups 
probably together comprise the bulk of the tumois commonl}'- included under 
the term reticulum cell sarcoma ’ The lymphoblastic and lymphocytic types 
coi respond to what has usually been called lymphosarcoma ’’ ^ Folliculai 
lymphoma has been named giant follicle Ijnnphoblastoma’ and even giant 
lymph follicle hyperplasia ® The expi ession cellular Hodgkin’s disease is 
loughly equivalent to our Hodgkin’s sarcoma and many authors undoubtedly 
include these cases as variants of reticulum cell sarcoma ® 

That great differences in prognosis are associated with variations in 
cytologic type, may be seen by a glance at Table I (leproduced fiom the 
earlier study’) 

The cases in the present series include, as may be seen in Table II, 
representatives of each of the subgroups with a predominance (37 out of 48) 
of the four malignant types In spite of this apparently unfavorable distribu- 
tion the median survival period for the group as a whole was 4 5 years, 
moie than AMce that of the large control series the majoiity of the cases 
of which were treated by roentgenotherapy alone 

The number of cases m certain of the subgroups is undoubtedly too small 
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Table I 

DURATION or MALIGNANT LTMPHOMA (\ EARS) 
(6iS Cases Miscellaneously Treated)^ 

Type 

Lymphoblastic lymphoma 
Hodgkin’s sarcoma 
Stem cell lymphoma 
Clasmatocytic Ij mphoma 
Li mphocytic lymphoma 
Hodgkin s lymphoma 
Follicular lymphoma 


Table II 

EFFECT ON SURVIVAL 
(Radical Surgery versus Roentgenotherapy) 



Number of 

Range of 

Median of 

Median of 

Type 

Cases 

Survi\ al 
(years) 

Surgical Group 
(years) 

X Ray Group 
(years) 

Lymphoblastic lymphoma 

S 

0 2-2 5 

0 2 

0 6 

Hodgkin's sarcoma 

2 

0 0-0 2 

0 2 

0 9 

Stem cell lymphoma 

9 

0 0-15 3 

S 0 

1 1 

Clasmatocytic lymphoma 

11 

0 2-16 S 

4 9 

1 1 

Lymphocytic lymphoma 

9 

0 O-IO 0 

S S 

2 4 

Hodgkin s lymphoma 

9 

0 0-19 0 

5 4 

3 2 

Follicular lymphoma 

3 

4 5-8 5 

7 5 

0 


to warrant conclusions In the stem cell and clasmatocytic groups (20 cases), 
however, the median survival periods are nearly five times as long as in the 
control senes and in the lymphocytic and Hodgkin’s lymphomas (18 cases) 
nearly twice as long The figures are sufficiently arresting to justify atten- 
tion and analysis 

Admittedly, these cases must be considered highly selected from a 
surgical vle^^ point, since there have been excluded those in which the 
operatoi was not satisfied that he had removed all visible and palpable 
neoplastic tissue It is believed, however, that the cases chosen may he 
considered as fairly repi esentative of the lymphomatous group of diseases 
All seven types weie present The age and sex incidences of the surgical 
series are identical \\ith those of the larger series previously reported The 
average age at onset was 41 1 years, and the proportion of males to females 
was 2 I 

There was wide vaiiation in the duration of symptoms preceding opeia- 
tion, langing from a few days (recorded as o i years) to five years The 
average preoperative dui ation of symptoms was i o years, the mean o 5 
years In the laiger series of miscellaneously treated cases the average pre- 
treatment period was i 3 years It does not appear, therefore, that the 
patients included m the present study received therapeutic attention sig- 
nificantly earlier than the general run of individuals ^Mth the same disease 
Moreover, it is apparent from Table III that the preoperative duration of 
sjmptoms bore no relationship to postoperative sunuval 

None of the patients received preoperative roentgenotherapy, vhich is 
not surjjrismg since the histologic nature of the lesion vas unsuspected in 
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Median 

1 4 

0 6 

1 8 

0 9 

1 7 

1 1 

2 1 

1 1 

3 3 

2 4 

4 2 

3 2 

5 6 
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Table III 

CASES treated with RADICAL SURGERY 





Preop 

Postop 

Postop 






Duration 

Duration 

Recurrence 

Postop 


Case 

Type 

Location 

(Years) 

(Years) 

(Years) 

Radiation 

Status 

1 

Lymphoblastic 

Cecum 

0 5 

0 2 

? 

Prophy lactic 

Dead 

2 

Lymphoblastic 

Jejunum 

1 0 

1 5 

0 8 

Prophylactic 

Dead 

3 

Lymphoblastic 

Rectum 

0 1 

0 2 

0 

Prophylactic 

Dead 

4 

Lymphoblastic 

Stomach 

3 0 

0 2 

0 2 

0 

Dead 

S 

Lymphoblastic 

Sigmoid 

1 0 

2 5 

I 0 

Recurrence 

Dead 

6 

Hodgkin s sarc 

Jejunum 

0 5 



0 

Lost 

7 

Hodgkin s sarc 

Ax L N 

3 5 

0 2 

0 2 

Recurrence 

Dead 

8 

Stem cell 

Cerv LN 

0 5 

U 5 

1 5 

Recurrence 

Dead 

9 

Stem cell 

Thigh 

0 7 

15 3 

7 0 

Prophylactic 

Dead 

10 

Stem cell 

Cord (epidural) 

0 1 

2 6 

2 0 

Prophylactic 

Lost 

11 

Stem cell 

Skin (arm) 

0 5 

10 0 

0 

Prophylactic 

Alive 

12 

Stem cell 

Stomach 

3 5 

0 

0 

0 

Dead 

13 

Stem cell 

Cerv L N 

0 5 

9 0 

0 2 

Recurrence 

Alive 

14 

Stem cell 

Stomach 

1 5 

5 0 

5 0 

0 

Dead 

IS 

Stem cell 

Cecum 

1 0 

0 3 

0 3 

Prophylactic 

Dead 

16 

Stem cell 

Stomach 

0 2 

0 5 

0 2 

Recurrence 

Dead 

17 

Clasmatocytic 

Appendix 

0 1 

0 2 

0 2 

Recurrence 

Dead 

18 

Clasmatocytic 

Stomach 

0 I 

0 2 

0 

0 

Dead 

19 

Clasmatocytic 

Jejunum 

0 1 

0 2 

? 

Prophylactic 

Dead 

20 

Clasmatocytic 

Humerus 

0 9 

16 5 

7 0 

Recurrence 

Alive 

21 

Clasmatocytic 

Stomach 

0 8 

6 2 

0 

Prophylactic 

Alive 

22 

Clasmatocytic 

Stomach 

0 6 

4 4 

3 0 

0 

Dead 

23 

Clasmatocytic 

Tibia 

2 0 

7 0 

0 

0 

Alive 

24 

Clasmatocytic 

Femur 

0 2 

6 1 

0 

0 

Alive. 

25 

Clasmatocytic 

Stomach 

1 0 

6 0 

0 

0 

Alive 

26 

Clasmatocytic 

Cerv L N 

0 5 

5 0 

5 0 

Prophylactic 

Alive 

27 

Clasmatocytic 

Maxitl antrum 

0 1 

3 0 

0 

Prophy lactic 

Alive 

28 

Lymphocytic 

Cerv L N 

0 3 

1 6 

0 1 

0 

Dead 

29 

Lymphocytic 

Ileum 

0 2 


? 

0 

Lost 

30 

Lymphocytic 

Eyelid 

? 

8 0 

0 

0 

Lost 

31 

Lymphocytic 

Cerv L N 

0 3 

3 5 

3 5 

Recurrence 

Lost 

32 

Lymphocytic 

Stomach 

0 1 

7 0 

0 

Prophylactic 

Alive 

33 

Lymphocytic 

Skin —back 

0 1 

10 0 

0 

0 

Alive 

34 

Lymphocytic 

Femur 

2 0 

8 0 

a 0 

0 

Alive 

35 

Lymphocytic 

Parotid 

5 0 

6 0 

3 0 

Prophylactic 

Alive 

36 

Lymphocytic 

Parotid 

0 2 

3 5 

0 

Prophylactic 

Alive 

37 

Hodgkin s 

Ing LN 

0 1 

19 0 

0 

Prophylactic 

Alive- 

38 

Hodgkin s 

Cerv L N 

0 1 

5 4 

? 

Prophylactic 

Dead 

39 

Hodgkin s 

Submaxill 

2 0 

3 0 

0 

0 

Dead 

40 

Hodgkin s 

Cerv L N 

4 0 

15 0 

0 2 

Recurrence 

Alive 

41 

Hodgkin s 

Colon 

0 6 

0 

0 

0 

Dead 

42 

Hodgkin s 

Ax LN 

1 0 

5 5 

0 

Prophylactic 

Alive 








(Tbc) 

43 

Hodgkin s 

Cerv L N 

0 9 

0 6 

0 3 

Prophy lactic 

Dead 

44 

Hodgkin s 

Cerv L N 

4 0 

10 0 

6 0 

Recurrence 

Dead 

45 

Hodgkin s 

Cerv L N 

0 8 

2 0 

2 0 

Prophylactic 

Lost 

46 

Follicular 

Ing LN 

2 0 

4 5 

0 

0 

Dead 

47 

Follicular 

Ing LN 

0 5 

8 5 

0 

Prophy lactic 

Alive 

48 

Follicular 

Cerv LN 

1 0 

7 5 

0 

Prophylactic 

Alive 


almost all instances Had the character of the process been known, it is 
probable that the dictates of custom would have precluded operation m the 
majority of the cases herein reported Postoperative prophylactic iriadiation 
was administered to 21 patients in amounts varying from 600 r to 1800 r 
The results were inconclusive, and it is not possible to comment concerning 
the efficacy of the procedure Thirteen other patients received iriadiation 
at a later time for recurrence of the original tumor The response in these 
individuals was satisfactory in eight instances 
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Six of the 48 patients weie considered lost, although thiee remained 
undei obseivation aftei opeiation foi 26 years, 35 years and 8 years, re- 
spectively Tuenty-three cases were known to be dead but among these 
weie seveial dead of causes uni elated to lymphoma Nineteen patients were 
alive, and only one of these had shown evidence of lymph node disease at 
the last examination All of the others had been free of symptoms 01 
objective signs for three 01 more years 

Recurience, either locally 01 elsewhere, was obseived in 23 patients The 
lecuirence had appeared an average of 2 2 years after operation although 
in eight patients there had been an interval of three to seven years Among 
the 23 patients who died there were 13 ^vith recognizable lymphomatous lesions 
at the time of death, four in whom the cause of death was unknown and 
six -with no evidence of lymphoma The latter included five cases dying 
shortly after operation the deaths being presumably surgical in nature 
Obviously, insufficient time had elapsed in these to permit the development 
of recurrence 

Six of the dead cases w'ere necropsied In four (02, 025, 25 and 10 
years after operation) extensive lymphomatous infiltration w'as found One 
case dead of postoperative intestinal obstruction and another w'ho died 
of prostatism and peritonitis 4 5 years after operation show'ed no persistent 
residua of neoplastic disease 

Exclusive of the twm cases wdio disappeared immediately after discharge 
from the hospital, the aveiage postoperative survival period for all cases 
was 5 2 years and the ovei all total duration from the date of onset w^as 
69 years These figures are, lespectively, two times and almost three times 
the levels of similar figures obtained from identical cases treated by 
other means 


Case 

Type 

11 

Stem cell 

13 

Stem cell 

20 

Clasmatocytic 

21 

Clasmatocytic 

23 

Clasmatocytic 

24 

Clasmatocytic 

25 

Clasmatocytic 

27 

Clasmatocytic 

30 

Lymphocytic 

32 

Lymphocytic 

33 

Lymphocytic 

34 

Lymphocytic 

35 

Lymphocytic 

36 

Lymphocytic 

37 

Hodgkin’s 

40 

Hodgkin’s 

42 

Hodgkin s 

46 

Follicular 

47 

Follicular 

48 

Follicular 


Table IV 

"cured” cases of malignant lttmphoma 

No Evidence 


Location 

Disease 

(Years) 

Skin — arm 

10 0 

Cerv L N 

9 0 

Humerus 

9 5 

Stomach 

6 2 

Tibia 

7 0 

Femur 

6 1 

Stomach 

6 0 

Max antrum 

3 1 

Eyelid 

8 0 

Stomach 

7 0 

Skin — back 

10 0 

Femur 

6 0 

Parotid 

3 0 

Parotid 

3 S 

Ing L N 

19 0 

Cerv L N 

14 8 

Axill L N 

s s 

Ing L N 

4 5 

Ing L N 

8 5 

Cerv L N 

7 5 


Total 

Duration 

(Years) Status 

10 S Alive 

9 5 Ahv e 

17 4 Alue 

7 0 Alive 

9 0 Alive 

6 3 Alive 

7 0 Aliv e 

3 I Alive 

8 0 Lost 

7 1 Alive 

10 1 Alive 

10 0 Alivt 

1 1 0 Aliv e 

3 7 Ain e 

19 1 Alive 

19 0 Alive 

6 S Alive(Tbc) 

6 S Dead 

9 0 Alive 

g S Alive 
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Listed m Table IV are 20 cases, 18 of them still ali-ve, one dead without 
evidence of lymphoma at neciopsy 45 yeais after the excision of the 
primar} piocess. and one patient lost tiom observation eight years aftei 
operation Five of the patients had had local recurrence These were 
treated by secondar}^ excision in tw'o and irradiation m thiee They had 
had no furthei evidence of their disease 30, 60, 8 8 95, and 148 years 
since the secondaiy piocedure Another case, although apparently free 
from lymphoma for five years, has been institutionalized for active pulmonary 
tuberculosis The average postoperative survival foi this gioup of 20 cases 
is eight years, and both the aveiage and mean total duration nine years 
They have, thus, as a group exceeded all expectations foi suivival, and those 
living are clinically apparently free of lymphoma 

Discussion — It seems obvious that a blanket prohibition of surgical 
therapy in malignant lymphoma is unw'arranted It is equally apparent, how”^- 
ever, that relatively few cases are susceptible to this therapeutic method 
Comparatively few patients have sufficiently localized and accessible lesions 
when first encountered It is of mteiest that among 135 necropsies upon 
l}.mphomatous individuals the lesions w'ere completel}’’ localized m 10 
per cent of the subjects^ This figuie cannot be considered representative 
of the propoition of tumors wdiich might be treated surgically since a 
significant number appeal in inaccessible legions and not a few may remain 
sufficiently obscuie clinically so that the need for exploiation may fail to 
mateiiahze In the event that the lesion is ciicumscnbed, leasonably limited 
m size and accessible technically there seems to be no factual basis foi the 
avoidance of surgeiy 

The question of diagnostic biopsy as a pieliminaiy to radical operation 
laises a moot point A discussion as to wdiethei or not the proceduie may 
be a means of dissemination does not he within the piovince of this papei 
The need for biopsy aiises m so man)^ instances that it will be piacticed 
wdiatevei the individual opinion Undei such ciicumstances, how'evei, the 
following observation is distinctly worthy of lecognition In a group of 
33 cases with malignant lymphoma of the gastro-enteiic tiact only foui 
show'ed metastasis to'iegional lymph nodes In 16 instances lymph nodes 
had seemed to be the seat of metastasis at gross examination but show^ed 
only banal inflammation 01 hypeiplasia upon micioscopic examination It 
IS recommended therefore, that if biopsy is contemplated it should be made 
within the primal y visceral lesion, w'hen there is one, and not in adjacent 
lymph nodes even if they appear to be involved to inspection or palpation 
On many occasions diagnostic biopsy has been unsuccessful when this recom- 
mendation has been ignored It is surprising but nonetheless tiue that a 
disease so prone to rapid dissemination through the lymph node system 
should upon aftecting a viscus piiinaiiD be less like!) to spiead in this 
manner than carcinoma in the same location 

Reference to the suivival figures can peimit no doubt that surgical 
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eiadication does impiove the piognostic outlook in selected cases of 
lymphoma This is most strikingly the case in the reticulum cell 

saicoma gioiip (stem cell and clasmatocytic lymphoma) Is it possible that 
the surgical success is apparent only and can be attributed to othei factois^ 
Since all types of malignant l3nnphoma compiised this senes it would appear 
that theie was no selection on a histologic basis As a mattei of fact the 
majoiity of patients m this senes sutteied fiom the moie malignant foims 
of l}mphoma It is ivithiii the lealm of possibility that the extranodal location 
of these lesions may have caused modification m the clinical course Pio- 
longed suivival of this sort has been lecorded elsewheie, notably with lesions 
of bone and skin This is belied in part by the piesence of i6 prmiar} nodal 
cases in the piesent senes and fuither emphasized by the fact that se\en 
of these appealed in the so-called “cuied” gioup (Table IV) Moleo^el, 
in an anal3^sis of oui own mateiial theie weie found 31 cases wnth pnnian 
l3mphomatous involvement of a viscus 01 bone wdiich at the time of 
initial examination appealed to be ciicumsciibed In contiadistmction to 
the piesent group these cases w'eie tieated aftei biops3’' b3'' iriadiation alone 
Although the 1 ange of sui vival in these extended f 1 om o i to 9 3 3 earb the 
aveiage total duiation w^as 2 i 3''eais and the median 10 yeais The (hs- 
tiibution and histologic natuie of the lesions w^eie siniilai to those in the 
gioup of suigically tieated cases It w^ould seem, then, that neithei the 
location of a lesion noi its moiphologic stiuctuie could account foi the 
impiovement of piognosis observed following radical suigeiy 

The question of the advisabilit) of postopei ative pi oph} lactic inaduuion 
to the opei ative site cannot be answ^eied wnth certaintA Tw'ent3'--one cdbCb 
weie so tieated and among these eight sufteied lecuiience ten had no 
lecuiience, and m thiee the outcome is not knowm It is piobabl}’’ wit>er to 
admimstei inadiation to those cases in wdiich the surgeon does not feel con- 
fident that he has extii gated all foci of involvement Pieoperative inadiation 
w^ould seem to be pointless except m those cases in wdiicli a bulk}'^ tumor 
might be. made more available to surgical manipulation as the result of 
shrinkage caused b3'^ loentgen ladiation Under othei circumstances it should 
be appieciated that inadiation can so affect a lesion as to render its 
histologic identification impossible 01 so disturb adjacent tissues as to 
mterfeie wnth both the surgical proceduie and subsequent healing 

In a disease as prone to clinical variation and in wdiich progression may 
occur msidiousl}' without overt manifestation it would be foolliard) indeed 
to claim that cures are effected b}^ any means It seems reasonable to state, 
how'^ever, that cases judicioush'" selected in the mannei indicated aboie ma}, 
if tieated b}'^ radical surger3% expeiience fai better results than might be 
anticipated fi om roentgenothei apy alone 

SUMJLARY AND CONCLU'^IOXS 

I This stud} concei^ns, itself with 48 cases of malignant hmphoma of 
all t}pes. wnth sufficient localization to peimit radical ‘^iir^ical excision 
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2 Despite several deaths immediately after operation the average post- 
operative duration was 5 2 years and the average total duration 6 9 years 

3 These figures weie significantly greater than those obtained from 
other cases treated by irradiation alone 

4 There were 20 cases without residual evidence of lymphoma including 
one which came to necropsy 4 5 years after operation The avei age total 
duration of these cases was nine years and the postoperative range extended 
from 3 to 19 years 

5 It IS believed that radical surgery has a very definite place in the 
treatment of certain cases of malignant lymphoma and that apparent freedom 
from the disease for long periods of time has resulted in many individuals 
so treated 
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BRIEF COMMUNICATIONS 

TRAUJIATIC RUPTURE OF THE THORACIC AORTA 


CASE REPORT 

Captain LeRoy J ICleinsasser, M C 

STATION HOSPITAL ' 

Guliport Field, Miss 

Traumatic rupiure of the thoiacic portion of the aoita is rare Accord- 
lepoit of a case of almost complete rupture or teai of the thoracic 
aorta as a lesult of trauma alone, which lesulted m the death of the individual 
lb considered of interest 


'Case Report — A soldiei, white, male, age 36, while walking, was struck bv 
a two and one-half ton Army truck, which threw him approximately 30 feet, killing 
him instantly The body was brought to the Station Hospital, Gulfport Field, !Miss , 
and an autopsj’^ was pei formed Inspection revealed severe injuries, as evidemtd 
b} lacerations of the skm of the right frontal region, over the bridge ot the no-,! 
upper lip, penetrating the entire thickness of the lip foi two centimeters, denuded 
skm over the fourth and fifth knuckles of the left hand, and a compound ira^tun 
of the first phalanx of the light index finger, which was almost completelj'- se\e!ed 
On palpation, there were multiple fractures of the bones of the nose, ribs, and tht 
middle third of the right femur Theie were also linear tears of the liver and the 
left kidney 

There were fractures of the right ninth and left ninth and eleventh ribs I pon 
removing the anterior chest plate, approximately 2000 cc of dark blood mixed with 
clots were found in the left pleural cavity, with associated collapse of the left 
lung There was considerable hemorrhage into the mediastinum The right lung 
^vas bloody and wet , 

At the junction of the aortic arch and the thoracic aorta, there was a tear on 
the left side, almost completely transecting the aorta, except for a small area i cm 
in length This undoubtedly was the cause of the hemorrhage into the medias- 
tinum and the left pleural cavity There was no evidence of previous disease 
of the aorta 


Death was due to exsangumation as a result of a traumatic rupture of the 
aorta with bleeding into the left thorax and mediastinum, associated with multiple 
fractures of the nbs, nose, light femur, and the right index finger, and lacerations 
of the liver and the left kidney 


Discussion — Ruptures of the aorta may be classified according to 
etiology as follows (i) Trauma, (2) extrinsic erosion, (3) hypoplasia, 
(4) coarctation, (5) inflammation, and (6) degeneration The arch of 
the aorta lies m the superior mediastinum behind the lower part of the 
manubrium sterni It commences behind the light margin of the sternum 
3t its union with the second costal cajtilage, and extends to the left across 
the trachea and then backw^aids, to end at the left side of the lower border 
of the fourth thoracic veitebra At its commencement it has the same 
chameter as the ascending aorta. 28 mm (18 inches) hut after gnmg 

* Submitted for publication October S, ipn 
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off three large branches, the diameter is reduced to 23 mm (a little less 
than I inch) The thoracic portion of the ascending aorta lies in the 
posterior mediastinum , it extends from the termination of the arch, at the 
lower border of the left side of the fourth thoracic vertebra, to the aortic 
opening m the diaphragm, where opposite the twelfth thoracic vertebra, 
it becomes continuous with the abdominal portion Its length is from 17 5 
to 20 cm (7 to 8 inches) and its diameter diminishes trom 23 mm at its 
commencement to 21 mm at its termination 

From an anatomic viewpoint, it can be seen that the site of rupture of 
the thoracic aorta in this case is distal to the point where the major blanches 
of the arch emerge This point of emergence represents a relativel} fixed 
portion, whereas distal to this is a comparatively mobile portion of the thoracic 
aorta Thus, the point of junction of these two elements is most likely 
to be subjected to strain, particularly in the event of a severe, sudden blou 
displacing thoracic structures by force of momentum, producing either a 
direct or conhecoup injury Since there is no evidence of fracture of the ribs 
or sternum in the vicinity of the tear in the aorta, it must be assumed that 
there was no direct trauma However, the bony tborax is not a rigid structure 
but can be compressed both laterally and anteroposteriorly to a varying 
degree, depending on the age of the person and the resilience of the car- 
tilaginous rib ends In this instance, the individual was of middle age and 
there was no evidence of premature calcification of the cartilages and then 
resilience was normal According to Wai field,-’’ the mechanism m injuries 
to the heart and the proximal portion of the aorta or the root is that 
in full inspiration, sudden compression of the chest finds the heart caught 
and held between the inflated lungs A \iolent blow on the chest, whethei 
over the heart or not, may injure the heart, particularly if it is in diastole 
It may rupture the myocardium, a vaHe, or the root of the aorta 

Narr and Wells^^ hold that the confinement of fluid in any given space 
depenjds upon two factors , vie , the strength of the container and the pressure 
exerted upon it by the confined fluid Both factors may be altered simul- 
taneously m the human aorta Therefore, more than one impoitant change 
may be present in any given case of rupture Furthermore, we must 
conclude, whether it can be demonstrated or not, that there has been an 
alteration of at least one of these forces Klotz and Simpson^® found in 
testing aortas of individuals between the ages of twenty and forty years 
that a pressure of 1000 mm of mercury was not sufficient to rupture its 
walls Oppenheim^’^ found that rupture occurred at a pressure of about 
3000 mm of mercury m normal human aortas Moritz^® found that pressures 
of from 800 to 1200 mm of mercury induced through a cannula inserted in 
the proximal end of the aorta of living rabbits resulted in rupture of the 
portal vein or its tributaries The aorta could not be ruptured because of the 
rapid flow of blood through its peripheral circulation Sudden changes of 
pressure will have much greater effect than a continuous force Conse- 
quently, these figures are higher than those m the sudden tearing force 
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necessan to burst a noiinal aoita This lesult is appaiently due to the 
sudden tiansmission of the foice of the blow to the confined noncompressible 
blood It IS inteiesting that in tiaumatic luptuies, as in ruptures due to 
other causes, the site of piedilection is in the ascending poition of the aich 
and at the duct of Botalli, thus favoiing either Rindfieisch’s^® theory that these 
areas, being compaiatively fixed, are predisposed to injury, or Abbott’s^ 
belief that the aoi ta may be congemtall} weak in these regions 

Terrific blows to the thoiacic cage have lepeatedly resulted in the 
lupture of the aorta, which have been consideied structurally normal, as 
cited by Rolleston,-- Busse,’ Copeland,'* Jafle and Sternberg,” Landau,** 
Kemp,'’ and Griffiths® Theie aie but few^ cases of traumatic rupture and 
those described have all been associated wuth giave thoracic injuiies Flying 
objects, such as blocks of wood or stone, tiain and automobile accidents, falls 
fiom high buildings, budges, and an planes, have all been found the cause 
of bursting the aoita Copeland* lepoits a case of traumatic lupture of 
the healthy thoiacic aoita without exteinal signs of the cause of death A 
laborer, age 40, was stiuck by a laige mass of falling earth, wdiich gave 
him a glancing blow on the back, knocking him dowm At postmortem, there 
was free blood in the peritoneal cavity and the left pleuial cavity The 
descending aorta w'as ruptured straight acioss, wnth no evidence of disease 
Griffiths® reports a case of tiaumatic ruptuie of the thoiacic aorta in a 
man, age 26 who w^as admitted to the hospital dead, having been involved 
in a motorcycle accident Autops) show'ed several severe injuries and at a 
point beyond the oiigm of the gieat vessels theie was a T-shaped rupture 
of the aorta wnth coiisideiable exti avasation of blood 

Two cases repoited by Landau and Kemp are interesting Kemp® reports 
a case of traumatic rupture of the aorta in a male, age 45, admitted dead, w'lth 
a history of having been struck on the head and chest by a poi tion of a stone 
fly wflieel, wffiich had been separated while revolving at full speed in a motor 
works He had a large abrasion over the sternum Autopsy levealed the 
sternum to be fractured obliquely from above downwards and backw^ards 
at the level of the third to the fourth costal cartilages There w^as extrav- 
asation of blood into the anterior mediastinum The pericardium w^as 
greatly distended with blood wdnch had escaped from a transverse tear 
of the aorta, just beyond the line of the aoitic valve Landau** reported 
a case of ruptuie of the normal aorta m a woman, age 68, brought m dead, 
having been knocked dowm by a motor car Examination of the body showmd 
a wound of the forehead and a compound fractuie of the nasal bones There 
was no external sign of injuiy to the chest, but a quantity of clotted blood 
and serum w^as found m the pericardial cavit}'' This w^as seen to have come 
from a rent involving all the coats of the aorta for half its circumference, 
just above the coronary orifices These twm cases aie examples of tears of 
the loot of the aorta with mtrapencardial bleeding 

Unquestionably, altered blood piessure plays an important role in rupture 
of aorta. Cases of ruptuie of the aorta associated with chronic high 

1073 



LEROY J KLEINSASSER 


\iinals of feurfcerj 
December 19 4 3 


blood pressure are lelativeb frequent, as cited Lifvendahl,^- Oppenheim,^'* 
Busse,** Loffler,^® Strickland,-'^ McLean and Fiddes,^’’ and many others 
Research into the literature reveals records of numerous cases of lupture 
of the aorta secondary to disease processes, as cited by Lundberg,^"* Sheldon 
and Dyke, and Warfield^® The majority are associated with aiterial dis- 
ease, namely, atheroma oi aneuiysmal dilatation 

In considering extensive injuiies of the aorta of the peifoiatmg type, 
the classification resolves itself into whether the injury is inlrapencai dial 
or extiapericaidial Pieicing injuries of the extrapencardial portion of the 
thoracic aorta usually result in eailj' death, because theie is no surrounding 
stiucture, such as the pericardium, to limit the loss of blood The infrequency 
of wounds of the intrapericardial part of the aoita is due to its position 
behind the sternum and to the fact that it is quite short Blalock,^ reports 
the successful suture of a wound of the intrapericardial portion of the ascending 
aorta of a Negro youth There has appeared in the literature only one 
pievious leport of the successful suture of a wound of the thoracic aorta 
This operation was performed by Dshanelidze,^ of Russia Subsequent^ 
Elkins,® in 1941, reported the successful suture of an ice-pick stab wound 
of the first portion of the aorta 


SUMMARY 

A case of traumatic rupture of the thoiacic aorta is reported, involving 
the junction of the arch and the descending portion of the aorta 
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ANNOUNCEMENT 


FIN/NEY-HOWELL RESEARCH FOUNDATION, INC 

Announcement has been made by the Finney-Howell Research Foundation, 
Inc , that all applications for fellowships for next year must be filed in the 
office of the Foundation, 1211 Cathedral Street, Baltimore, Maryland, by 
January i, 1944 Applications received aftei that date cannot be considered 
for 1944 awards, uhich will be made the fiist of March, 1944 

This Foundation was piovided foi m the will of the late Dr George 
Walker of Baltimoie for the suppoit of “lesearch work into the cause 01 
causes and the treatment of cancer ” The will directed that the surplus income 
from the assets of the Foundation together with the principal sum should be 
expended within a period of ten years to support a number of fellowships in 
cancer research, each with an annual stipend of two thousand dollars, “m 
such universities, laboratories and other institutions, wherever situated, as 
may be approved by the Boaid of Directors ” 

Fellowships carrying an annual stipend of $2000 aie awarded for the 
period of one yeai , with the possibility of renewal up to three years , when 
deemed wise by the Board of Directors, special giants of limited sums may 
be made to support the work earned on under a fellowship 

Applications must be made on the blank form which will be furnished 
b}'^ the Secietaiy 01 any member of the Board of Directors 
October i, 1943 


At the March meeting of the Board of Directors of the Finney-Howell 
Research Foundation, Inc ,1211 Cathedral Street, Baltimore, Md the follow- 
ing annual fellowships were awarded for 19-I3 

Foi the thud ^eai 

Rose I Shukoff, M D , University of Petrograd To work at the Glasgow Royal Cancer 
Hospital, Glasgow, Scotland, under Dr P R Peacock 
Emilia Vicari, MD, Ohio State University To work at the Jackson Memorial 
Laboratory for Cancer Research, Bar Harbor, Maine, under Dr C C Little 
Foi the second yeai 

Burroughs Reid Hill, M S , Tulane University To work with Dr Louis Fieser at 
Harvard University 

New 

Nehcia Maier, M D , Medical School, Pans, France To work at Yale Universitj 
Medical School, New Haven, Conn , with Dr Wm T Salter 
James Alexander Miller, M S , University of Wisconsin To w ork at the Medical 
School Unnersitv of Wisconsin 
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The Sexual Glands of the Male B> Oswald S Lowsley, M D , Frank Hmtnan, 
M D, Donald R Smith, MD, and Robert Gutierrez, MD Oxford Unnersity Press. 
619 pp , $10 00, New York, 1943 

This text IS largely reprinted from the Oxford Loose Leaf Urology The subject 
matter and the manner of its presentation are well known to urologists from previous 
writings by these well-known authors However the present text is brought up to date 
and each subject is discussed thoroughly Approximate!} one-half of the 619 pages 
are given to a detailed consideration of the seminal vesicles and vasa deferentia 
Lowsley’s contribution on the prostate gland comprises 191 pages of which 81 are 
devoted to surgical technic and illustrated by the incomparable diawings of Wm Didusch 
Hinman and Smith deal largely with the clinical and pathologic featuies of diseases 
of the epididymes and testicles, surgicai technic for the most part, being omitted 
Some of the surgical practices advocated by Dr Low'sley might provoke considerable 
controversy, thus his advocacy of total perineal prostatectomy for benign prostatic 
hyperplasia, as a means of preventing cancer, wull no doubt prove too radical for the 
average urologist He continues to employ, but apparently less often, cystotomy pre- 
liminary to perineal operations upon the prostate gland , this needs no further controversial 
discussion Endocrine therapy in prostatic cancer is said to bring results comparable 
with those reported by Huggins , no statistics are given It is suggested that a “tuck ’’ 
using ribbon catgut, be taken in the external sphincter muscle after prostatectomy to 
prevent urinary incontinence, elsewhere it is stated that perineal operations upon the 
prostate gland should not be followed by incontinence 

This section, as is true of all of Dr Lowsley’s contiibutions. is thorough, inteiesting 
stimulating and, in some respects, original The chapters b> Hinman and Smitli are 
entirely adequate and piesented in an orderly manner, appropriate m a work ot this 
kind The fact that the radical operation for testicular cancer has been discarded 
IS not so surprising as former advocacy of the procedure, based on statistical pi oof 
of Its superiority over simple orchiectomy Among the reasons given for this chanst 
ot attitude is the alleged efficiency of deep roentgenotherapy wdiich, from our expei leixc 
IS a weak argument One could scarcely take exception to the thoroughness witli 
which Gutierrez has presented his subject How'ever, it seems to me that the obsokte 
operations upon the seminal vesicles might have been described with less detail One 
might question the author’s advocacy of vesiculectomy for the tieatinent of chronic 
vesiculitis especially for psychotics and sexual neurasthentics Conservatne treatment 
IS described “wuth the understanding that these procedures are in realiti onh pre- 
liminary steps leading to the mam w^ork wdiich is always surgical” 

It has long been our impression that operations upon the seminal \ esicles for chronic 
inflammation belong largely to another eia Howevei, this is a complete and highl} 
valuable contribution This volume shares with the majority of “systems” the common 
weakness of disregarding the relative importance of various subjects in proportioninc 
the text “The Sexual Glands of the Male” wnll undoubtedly prove \aluable bo‘h as 
a text book and for puipose of references 

Leox Herman, M D 


Renal Lithiasis Charles C Higgins, M D , Springfield, III , and Baltimore Md 
Charles C Thomas, $3 00, 1943 

This monograph comprises 140 pages of text with 18 illustrations Its chief \alue 
lies in a comprehensive discussion of the causes and deiclopment of urolithiasis to which 
70 pages of text are given 
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The author presents the results of extensive personal investigations dealing chiefly 
with the etiologic influences of diet The value of these studies is in no ^\ay lessened 
by the fact that they are largely confirmatory of previous demonstrations by animal 
experimentation of the association of deficiencies in vitamins A and C with urolithiasis 
and kertimzation in the urinary tract 

The various technics employed in chemical analyses of stones, including that favored 
by the author, are described Dietary treatment is given in detail and its value estimated 
with commendable conseiratism This is likewise true of the discussion of the various 
local methods used in the attempt to dissolve stones With the exception of cystin and 
soft alkaline stones, successes have been few 

The author, as did Crowell, succeeded m dissolving a cystm kidney stone Dr 
Higgins notes recurrence of stone following administration of a high protein diet, this is 
the usual result in cystinuncs who are on a normal diet 

This monograph is well worth the attention of specialists and practitioners alike 

Leon Herman, M D 


Obstetrical Practice By Alfred C Beck, M D , 3rd ed 6^ x 10, xi + 938 pp , 
1064 figs $7 00 Baltimore Williams & Wilkins Co , 1942 

This 3rd edition of the book reveals considerable improvement over both former 
editions First, extensive revision of much of the original text, the addition of con- 
siderable entirely new and up-to-date material, plus more and better illustrations, of 
which there are 1100, make it a more complete textbook of obstetrics An author is 
indeed foitunate who can draw his own pictures, even though he may not be a skilled 
artist This is particularly evident in Beck’s “Obstetrical Practice ” 

Parenthetically, and perhaps not the least important, is the excellent “architecture” 
and reasonable price of the book The publishers. The William & Wilkins Co, 
Baltimore, are to be congratulated It is no simple job, under existing conditions, to 
publish a textbook of this character and size, containing iioo illustrations, many in 
color, and keep the price down to prewar levels 

Throughout this 3 rd edition, the author has kept the undergraduate student as well 
as tlie practitioner in mind, “adding and subtracting” such material as would make 
for completeness, readability and up-to-the-minute information Among the outstanding 
chapters, might be mentioned those on prenatal care, the mechanism of labor, posterior 
positions ot the occiput, breach presentation, forceps and cesarian section, including the 
technic of local infiltration anesthesia Furthermore, the revised and more complete 
index adds materially to the convenience and usefulness of this edition 

It IS unfortunate that the author does not use the classification of the toxemias 
of pregnancy as advocated by the American Committee on Maternal Health Indeed, 
he does not give any classification of the toxemias, which in view of the rather generous 
use of tabulations and groupings throughout the book — a very excellent plan — seems 
rather strange Except for this omission, this chapter forms another outstanding section 
of the book 

Again, wherever the treatment of hemorrhage and/or shock comes up for discussion, 
there is no mention made of the use of plasma Since plasma is now so successfully 
used early m all such cases, and in most instances long before transfusion can be 
accomplished, it would seem that such an important hfe-saving agent should have 
been recommended 

The importance of anesthesia in obstetrics cannot be overemphasized Poor anes- 
thesia remains a very potent cause of obstetric deaths Except for chloroform and local 
infiltration anesthesia, it would seem that the author has not given this subject as much 
attention as it deserves Fractional spinal or continuous caudal are not discussed 

The tabulation of an excessive number of references does not matenallj enhance the 
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value of a teaching text but it does require many additional pages which add to the bulk 
of the book We suggest, in keeping with the compactness of the text, that fewer 
references generally, and better distribution specifically, would keep the book thoroughly 
modern without detracting from its usefulness 

It may w'ell be said that in Beck’s “Obstetrical Practice,” 3rd Edition, the under- 
graduate student, the general practitioner, or the specialist has a conservative, concise, 
loadable and practical textbook, splendidly illustrated, and at a price that anybody’s 
budget can stand No one except a good, “seasoned” teacher could have produced such 
a book We predict an increase in its popularity 

Harvev B Matthews, M D 


Acute Infections of the Mediastinum By Harold Neuhof, M D , and Edward 
Jemenn, MD Baltimore Williams and Wilkins Co, 6 x 9, vii + 407 pp , 157 
figs $6 00 1943 

Acute Infections of the Mediastinum, by Neuhof and Jemenn, is destined to fill a 
long neglected gap in our knowledge of acute mediastimtis Although there is a mass 
of literature on this subject, no complete text has heretofore been produced 

This book IS unique in its originality in both its method of presentation and the 
source of its data It is entirely free from the chauvinistic tendency w^hich so frequentlj 
invades texts on medical subjects While the knowdedge and facts of the past are 
reviewed in the introduction, the text proper contains only the data collected by the 
authors from their carefully studied clinical material in Mount Sinai Hospital 

The subject is presented by recording one hundred case reports w’hich, for pur- 
poses of systematic presentation, have been divided into four groups on an etiologic 
basis Anatomic subdivisions have not been emphasized by anatomic pus pockets and 
planes of spread are easily visualized by the drawings which accompany the case reports 
This book IS so well expressed that it makes it possible for us to see and hear 
with the authors It apparently was not produced for any one medical group The 
specialist will find an eleemosynary granary to increase his superior knowledge To the 
roentgenologist is given excellent reproductions of actual roentgenologic findings, with 
precise and replete word-pictures of these studied cases and, as the roentgenograms 
are frequently the only, or, at least, the mgst essential means of positive diagnosis, he 
wall find much of interest To the medical diagnostician, the thoracic and genera! 
surgeon, this text is indispensable It calls attention to the fact that although 

mediastimtis is generally believed to be a rarity, that, in reality, it is comparatively 
common This text will surely stimulate general interest in the subject of mediastimtis 
and make early diagnosis more common It will help materially in making a differential 
diagnosis between actual suppurative mediastimtis, w^hich demands early surgical 
intervention, and the more benign variety mediastinal Ij'mphadenitis or cellulitis, w'hich 
may subside with conservative treatment 

The text, as above stated, consists of one hundred case reports The cases range 
from the comparatively simple cervical retro-esophageal abscess, the etiologic factor 
being a puncture wound of the esophagus from axhicken bone, to the most complicated 
types Case 81 presents such a picture Here is presented an apparently simple cervical 
abscess It was, however, complicated by a spread to the mediastinum, a contra- 
lateral cervical abscess, an involvement of both lungs, bronchiectasis, and exten- 
sions to lumbar spaces This case is so fascinatingly presented by excellent w'ord- 
picture, roentgenogram reproductions, both plain and followang introduction of iodized 
that the reader not only follow'S the disease process but also re\iew's the surgical 
anatomy of the neck, the normal planes of spread to the mediastinum, the lumbar space, 
and the unusual involvement of the bronchial tree producing a bilateral bronchiectasis 
The report then leads the surgeon through numerous bold courageous, but well planned, 
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operative procedures Here, the surgeon sees, feels and even smells with the authors 
as they progress with caieful surgical technic and sound surgical judgment, unroofing 
the intricate abscess pockets through a deep opening m the mediastinal structures and 
giving external drainage to these pus-containing spaces, resulting in ultimate cure 

The unusual retrograde spread is also shown, as in Case 91, by acute gangienous 
appenditicits, with perforation, appendicectomy, with drainage, wound infection to 
retroperitoneum, with retroperitoneal phlegmon, extension upward with mediastinal 
phlegmon, bilateral pleurisy and pericarditis 

The three following case reports well illustrate that this text is of interest to 
the entire medical profession Case 18 starts with otitis media, mastoidectom\, positive 
blood culture and metastatic mediastinal abscess Case 50, bronchopneumonia, non- 
suppurative mediastinal lymphadenitis, with spontaneous recover}' Case No 34, ton- 
sillitis and pharyngitis, cervical b'mphadenitis, rheumatic fever, mediastinal lymphadenitis 
Interspersed through the text are numerous simplified tables, so that, “he who 
runs may read ” Data may be easilj' compiled such as etiologic factors , the most 
common symptoms, the rehabiUty of roentgenogram diagnosis, the type of organism 
most frequently found, the pathology and pathogenesis, relationship to pneumonia, 
empyema and putrid and nonputnd lung abscess, the frequency in age and sex, the 
morbidity and mortality These tables are truly time-saving and thought provocative 
After the case presentations the chapter on Fundamental Considerations is of special 
interest In the chapter Subclassifications, discussions of various groups of cases both 
suppurative and nonsuppurative are presented 

The chapter on Clinical Considerations, in which history, symptoms and signs are 
detailed, is well written It distinguishes between, and emphasizes signs and symptoms 
in. the traumatic and nontraumatic, between advanced cases and those m the earlier 
stages The significance of hemoptysis, carcinoma and upper respiratory infections are 
a few of the intensely interesting details that are mentioned with references to specific case 
leports in the main text 

The final chapter, devoted to Tieatments and Results, bungs this book to a satis- 
factory climax It IS didactic but not dogmatic Facts are presented and logical 
explanations given, yet the reader is permitted to reach his own conclusions from un- 
questionable text data Operative procedures are described Unsatisfactory approaches 
and treatment are freely criticized Many autopsy records are recorded The whole 
book IS stimulating It contains a complete bibhogiaphy and index of cases and is, 
theiefore, adapted to the reference of both the general practitioner and specialist 

John V Bohrer, M D 
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